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CHAPTER 1 
INTRODUCTION TO MCS®-96 


The MCS-96 
family of microcontrollers 
is composed of 


the 8096 series of components 
and the 8096BH series. 
The 8096BH parts are fully compatible with the 8096 parts 
while offering 
enhanced 
functionality 
and the option of 


on-chip EPROM. 


The following 
five chapters describe the MCS-96 family. 


To provide 
a convenient 
means of reference 
for those 


already familiar with the products, 
each chapter is a free 


standing module which covers one aspect of design. For 
those not already familiar with the 8096, reading the chap- 
ters in the order they appear will present 
a logical and 


complete presentation 
of the MCS-96 family of products'. 


Chapter 1 presents an introduction 
to the MCS-96 product 


family. 


An Architectural 
Overview, 
contained in Chapter 2, pro- 


vides the operational 
description 
of each of the hardware 


units on the chip. Information 
in this chapter will be of 


interest 
to anyone 
technically 
involved 
with 
an 8096 


design. 


mation which will primarily interest those people who will 
write programs 
to execute in the 8096. 


The Hardware 
Design 
section, 
Chapter 
4, provides 
the 
hardware engineer with all the information needed to con- 
nect external hardware 
to the 8096. 


Chapters 3 and 4 are both written assuming the reader is 
familiar with the information 
contained 
in Chapter 2. 


Data sheets for the MCS-96 parts are contained in Chapter 
5. The first data sheet describes the 8096 series of parts. 
The second one describes the 8096BH series of parts. The 
final data sheet is for the Express 
series of parts, those 
that have been burned-in 
and/or tested for an extended 
temperature 
range. 


1.1 CONTINUING 
MICROCONTROLLER 
EVOLUTION 


Beginning 
with the introduction 
of the world 
standard 
8048 (MCS4I>-48)Microcontroller 
in 1976, Intel has con- 
tinued to drive the evolution of single chip microcontroll- 
ers. In 1980, Intel introduced the 8051 (MCS-51) offering 


MCS~-96 


• 
16 BIT CPU 
• 
8/16 BIT BUS 


• 
8K ROM 
• 
232 BYTE 
RAM 
• 
TIMER/COUNTER 


• 
PARALLEL 
I/O 


• 
SERIAL 
I/O 


• 
10 BIT AID 
• 
HIGH 
SPEED 
I/O 


• 
PWM OUTPUT 
• 
WATCH 
DOG TIMER 


.8 
BITCPU 


• 
1/214K ROM 
• 
64/128/256 
BYTE 
RAM 


• 
TIMER/COUNTER 


• 
PARALLEL 
YO 


• 
8 BIT AID 


.8 
BIT CPU 


• 
4/8K 
ROM 
• 
128/256 
BYTE 
RAM 


• 
TIMER/COUNTER 


• 
PARALLEL 
I/O 


• 
SERIAL 
1/0 


performance 
levels 
significantly 
higher 
than the 8048. 
With the advent of the 8051, the microcontroller 
appli- 
cations base took a marked vertical leap. These versatile 
chips are used in applications 
from keyboards 
and ter- 
minals 
to 
controlling 
automobile 
engines. 
The 
8051 
quickly gained the position of the second generation world 
standard microcontroller. 


Now 
that the 
semiconductor 
process 
technologies 
are 
being pushed 
to new limits, 
it has become 
possible 
to 
integrate more than 100,000 transistors onto a single sil- 
icon chip. Microcontroller 
designers 
at Intel have taken 
today's 
process 
technology 
achievements 
and forged 
a 
new generation 
of single chip microcontrollers 
called the 
MCS-96. 
The 8096 (generic 
part number 
for MCS-96) 
offers the highest level of system integration ever achieved 
on a single chip microcontroller. 
It uses over 
120,000 
transistors to implement 
a high performance 
16-bit CPU, 


8K bytes of program memory, 232 byt~s of data memory 
and both analog and digital types of I/O features. 
Figure 


I-I shows the evolution of single chip microcontroller 
at 
Intel. 


1.2 INTRODUCTION 
TO THE MCS~·96 


The 8096 consists of a powerful 
16-bit CPU tightly cou- 


pled with program 
and data memory 
along with several 
I/O features all integrated 
onto a single piece of silicon. 


The CPU supports bit, byte, and word operations. 
32-bit 
double 
words are also supported 
for a subset of the in- 
struction 
set. With a 12 MHz input frequency, 
the 8096 
can perform a 16-bit addition in 1.0 J-LS and 16 x 16 mul- 
tiply or 32116 divide in 6.25 
J-LS. 


The 8096BH allows the external bus width to be run-time 
configured 
to operate 
as a .standard 
16-bit multiplexed 
address/data 
bus or an 8088 minimum mode type bus. 


FEATURES 
BENEFITS 


16-Bit CPU 
Efficient machine with higher throughput. 


Dynamically 
Reconfigurable 
Bus 
Select 8-bit or 16-bit bus width. 


8K Bytes ROM 
Large program space for more complex, 
larger programs. 


232 Bytes RAM 
Large on-board register file for data storage and fast context 
switching. 


Hardware 
MUUDIV 
Provides good math capability 
16 by 16 multiply or 32 by 16 divide 


in 6.25 
J-LS @ 12 MHz. 


6 Addressing 
Modes 
Provides greater flexibility of programming 
and data manipulation. 


High Speed I/O Unit 
Can measure and generate pulses with high resolution (2 J-LS @ 


6 dedicated 
I/O lines 
12 MHz). 
2 programmable 
I/O lines 


lO-Bit AID Converter 
Reads the external analog inputs. 


Full Duplex Serial Port 
Provides asynchronous 
serial link to other processors or systems. 


Up to 40 I/O Ports 
Provides TTL compatible digital data I/O including system expansion 
with standard 8- or 16-bit peripherals. 


Programmable 
8 vector121 source 
Respond to asynchronous 
events. 


Interrupt 
System 


Pulse Width Modulated 
Output 
Provides a programmable 
pulse train with variable duty cycle. Also 
used to generate analog output. 


Watchdog 
Timer 
Provides ability ro recover from software malfunction or hardware 
upset. 


48-Pin (DIP) & 68-Pin (Plastic Leaded 
Offers a variety of package types to choose from to better fit a specific 


Chip Carrier, 
Pin Grid Array) Versions 
application 
need for number of I/O lines and package size. 


Four high-speed 
trigger inputs are provided to record the 
times at which external events occur with a resolution of 
2 !J-S (at 12 MHz crystal frequency). 
Up to six high-speed 
pulse generator 
outputs 
are provided 
to trigger external 
events 
at preset 
times. 
The high speed output unit can 
simultaneously 
perform 
software 
timer functions. 
Up to 
four such 
16-bit software 
timers can be in operation 
at 
once in addition to the two 16-bit hardware timers. 


An optional 
on-chip NO converter 
converts up to eight 
analog input channels into lO-bit digital values. Also pro- 
vided on-chip, 
are a serial port, a watchdog timer, and a 
pulse-width 
modulated output signal. Table 1.1 shows the 
features and benefits summary for the MCS-96. 


The 8096 with its 16-bit CPU and all the 110 features and 
interface resources 
on a single piece of silicon represents 


INDUSTRIAL 
Motor Control 
Robotics 
Discrete and Continuous 
Process Control 
Numerical 
Control 
Intelligent Transducers 


INSTRUMENTATION 
Medical Instrumentation 
Liquid and Gas Chromatographs 
Oscillioscopes 


CONSUMER 
Video Recorder 
Laser Disk Drive 
High-end 
Video Games 


GUIDANCE 
& CONTROL 
Missile Control 
Torpedo Guidance 
Control 
Intelligent 
Ammunition 
Aerospace 
Guidance 
Systems 


DATA PROCESSING 
Plotters 
Color and B&W Copiers 
Winchester 
Disk Drive 
Tape Drives 
Impact and Non-Impact 
Printers 


TELECOMMUNICATIONS 
Modems 
Intelligent 
Line Card Control 


AUTOMOTIVE 
Ignition Control 
Transmission 
Control 
Anti Skid Braking 
Emission Control 


the highest 
level of system integration 
in the world of 
microcontrollers. 
It will open up new applications 
which 
had to use multiple chip solutions in the past. 


The MCS-96 products 
are stand-alone 
high performance 
single chip microcontrollers 
designed 
for use in sophis- 
ticated real-time demanding applications such as industrial 
control, instrumentation 
and intelligent 
computer periph- 
erals. The wide base of applications cut across all industry 
segments 
(see table 
1.2). 
With the 
16-bit CPU horse- 
power, high-speed 
math processing 
and high-speed 
110, 
the 8096 is ideal for complex motor control and axis con- 
trol systems. 
Examples 
include three phase, large horse- 
power AC motors and robotics. 


With its 10-bit ND converter 
option, 
the device 
finds 
usage in data acquisition 
systems and closed-loop 
analog 
controllers. 
It permits considerable 
system integration 
by 
combining 
analog and digital 110 processing 
in the single 
chip. 


This chip is ideally suited in the area of instrumentation 
products such as gas chromatographs, 
which combine an- 
alog processing 
with high speed number crunching. 
The 
same features make it a desirable component for aerospace 
applications 
like missile guidance 
and control. 


1.4. MCS®-96 FAMILY DEVELOPMENT 


SUPPORT 
TOOLS 


The product family is supported by a range of Intel soft- 
ware and hardware development tools. These tools shorten 
the product development 
cycle, thus bringing the product 
to the market sooner. 


1.4.1. 
MCS®-96 Software Development 
Package 


The 8096 software development 
package provides devel- 
opment system support specifically designed for the MCS- 
96 family of single chip microcontrollers. 
The package 
consists of a symbolic macro assembler ASM-96, Linker! 
Relocator 
RL-96 
and the librarian 
LIB-96. 
Among the 
high level language, PLM-96 is offered along with a float- 
ing point math package. 
A real-time 
executive 
software 
package, 
the iDCX-96 
is also available. 
Additional high 
level languages are being developed for the MCS-96 prod- 
uct family. 


1.4.2. ASM-96 MACRO Assembler 
The 8096 macro assembler translates the symbolic assem- 
bly language instructions 
into the machine executable ob- 
ject code. ASM-96 enables the programmer 
to write the 
program 
in a modular 
fashion. 
The modular 
programs 
divide a rather complex 
program 
into smaller functional 
units, that are easier to code, to debug, 
and to change. 


The separate modules can then be linked and located into 
one program module using the RL-96 utility. This utility 


combines the selected input object modules into a single 
output object module. 
It also allocates 
memory to input 
segments 
and binds the relocatable 
addresses to absolute 
addresses. 
It then produces 
a print file that consists of a 
link summary, 
a symbol table listing and an intermediate 
cross-reference 
listing. 
LIB-96, 
another 
utility helps to 
create, 
modify, 
and examine 
library files. The ASM-96 
runs on Intellec Series III or IV. 


1.4.3. 
PLlM-96 
The PUM-96 
compiler 
translates 
the PUM-96 
language 
into 8096 relocatable 
object 
modules. 
This allows 
im- 
proved programmer 
productivity 
and application 
reliabil- 
ity. This high level language has been efficiently designed 
to map into the machine 
architecture, 
so as not to trade 
off higher programmer 
productivity 
with inefficient code. 
Since the language and the compiler are optimized for the 
8096 and its application environment, 
developing software 
with PUM-96 
is a 'low-risk' 
project. 


1.4.4. 
IDCX-96 
The iDCX-96 
is an executive software package useful in 
multi-tasking 
environments. 
Up to 16 user tasks can be 
handled. The iDCX-96 is ideal for the customer who must 
quickly 
develop 
software 
for a multi-tasking, 
real-time 
environment. 


1.4.5. 
Hardware 
Development 
Support: 
VLSICE-96 
The VLSICE-96 
is based on Intel's state-of-the-art 
bond- 
out technology. 
It permits full access to the internal bus 
and control 
timing 
cycles for true real-time 
emulation. 
The VLSICE-96 
is controlled 
by either an Intellec series 
III/IV or an IBM PClXT/AT 
or compatible 
over a serial 
link. 


The VLSICE-96 
provides 
total development 
support for 
MCS-96 
microcontroller 
designs. 
It supports full speed 
real time emulation. 
A comprehensive 
break/trace 
capa- 
bility allows for the specification of complex, 
multi-level 
events. 


1.4.6. 
Hardware 
Development 
Support: 
SBE-96 
The iSBE-96 is a hardware execution and debug tool for 
the MCS-96 
products. 
It consists of a monitor/debugger 
resident in an 8096 system. This development 
system in- 
terfaces with the user's 8096 system via two ribbon cables, 
one for the 8096 I/O ports, and the other for the memory 
bus. The iSBE-96 is controlled 
by an Intellec Series III, 
IBM PC or compatible, 
or other computer system over a 
serial link. 
Power 
for the iSBE-96 
can be supplied by 


plugging 
it into the MULTIBUS<lI>card slot, 
or by an 
external power supply. The iSBE-96 is contained on one 
standard MULTIBUS 
board. 


The iSBE-96 
provides 
the most often used features 
for 
real-time 
hardware 
emulation. 
The user can display and 
modify 
memory, 
set up break points, 
execute 
with or 
without breakpoints 
and change the memory map. In ad- 
dition, 
the 
user 
can 
single 
step 
through 
the 
system 
program. 


1.4.7. 
MCS(8)·96Workshop 


The workshop 
provides 
the design 
engineer 
or system 
designer hands-on experience 
with the MCS-96 family of 
products. 
The course includes an explanation 
of the Intel 
8096 architecture, 
system 
timing, 
input/output 
design. 


The lab sessions 
allow 
the attendees 
to gain in-depth 
knowledge 
of the MCS-96 
product 
family 
and support 
tools. 


1.4.8. 
Insite'M Library 
The Intel Insite Library contains several application 
pro- 
grams. 
A very useful program 
contained 
in the Insite is 
SIM-96, 
the software 
simulator 
for 8096. It allows soft- 
ware simulations of user's system. The simulator provides 
the ability to set breakpoints, 
examine and modify mem- 
ory, disassemble 
the object code and single step through 
the code. 


Although 8096 is the generic part number often used for 
the MCS-96 products throughout 
this manual, the product 
family 
consists 
of eight 
configurations 
with eight 
part 
numbers including the 8096. This wide variety of products 
is offered to best meet user's 
application 
requirements 
in 
terms of number of I/O's and package 
size. The options 
include on-board 8K bytes of mask programmed 
memory, 


lO-bit AID converter, 
and 48 or 68 pin package type. 


The 48-pin components 
are similar to the 68-pin versions 
except that the following pins are not available: 


Port 0 
4 of 8 analog/digital 
input pins 
Port I 
8 general purpose I/O pins 
Port 2 
4 of 8 general/special 
function pins 
(the 
special 
functions 
are available 
through other pins) 
Control 
CLKOUT, 
INSTruction, 
NMI, TEST 
(BUSWIDTH 
on 8096BH) 


Table 
1-3 summarizes 
all the current 
products 
in the 
MCS<lI>-96product family. 


OPTIONS 
68·PIN 
48·PIN 


ROMLESS 
8096 
8094 
DIGITAL 
I/O 
ROM 
8396 
8394 


EPROM 
*8796 
8794 


ANALOG 
ROMLESS 
8097 
8095 
AND 
DIGITAL 
ROM 
8397 
8395 
I/O 
EPROM 
*8797 
8795 


The 48 pin version 
is available 
in a DIP (dual inline) 


package. 


The 68 pin version comes in two packages, 
the Plastic 


Leaded Chip Carrier and the Pin Grid Array. 


*The 68-pin version of the 879x is available in a Leaded 
Chip Carrier and a ceramic Pin Grid Array. The L.C.C. 
is socket foot print compatible 
with PLCC. 
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CHAPTER 2 
ARCHITECTURAL OVERVIEW 


The 8096 can be separated 
into several sections for the 
purpose 
of describing 
its operation. 
There is a CPU, a 
programmable 
High Speed I/O Unit, an analog to digital 
converter, 
a serial port, 
and a Pulse Width Modulated 
(PWM) output for digital to analog conversion. 
In addition 
to these functional 
units, there are some sections which 
support overall operation 
of the chip such as the clock 
generator and the back-bias generator. 
The CPU and the 
programmable 
I/O make the 8096 very different from any 
other microcontroller, 
let us first examine the CPU. 


The major components 
of the CPU on the 8096 are the 
Register 
File and the RALU. 
Communication 
with the 
outside world is done through either the Special Function 
Registers 
(SFRs) or the Memory Controller. 
The RALU 


(Register/Arithmetic 
Logic Unit) does not use an accu- 
mulator, it operates directly on the 256-byte register space 
made up of the Register File and the SFRs. Efficient I/O 


operations 
are 
possible 
by directly 
controlling 
the 
I/O through the SFRs. The main benefits of this structure 
are the ability to quickly change context, the absence of 
accumulator 
bottleneck, 
and 
fast 
throughput 
and 
I/O 
times. 


2.1.1. 
CPU Buses 
A "Control 
Unit" 
and two buses connect the Register 
File and RALU. Figure 2-1 shows the CPU with its major 
bus connections. 
The two buses are the "A-Bus" 
which 
is 8-bits wide, and the "D-Bus" 
which is 16-bits wide. 
The D-Bus transfers data only between the RALU and the 
Register File or Special Function Registers 
(SFRs). The 
A-Bus is used as the address bus for the above transfers 
or as a multiplexed 
address/data 
bus connecting 
to the 
"Memory 
Controller" 
. Any accesses of either the internal 
ROM or external memory are done through the Memory 
Controller. 


Within the memory controller is a slave program counter 
(Slave PC) 'which keeps track of the PC in the CPU. By 
having most program fetches from memory referenced to 


EA 
ALE 
&HE 
AD 
Wii 


READY 


RESET 


P3J 
AODRIOATA 
BUS 


P4 


the slave PC, the processor saves time as addresses seldom 
have to be sent to the memory controller. 
If the address 
jumps sequence then the slave PC is loaded with a new 
value and processing continues. 
Data fetches from mem- 
ory are also done through the memory controller, but the 
slave PC is bypassed for this operation. 


2.1.2. 
CPU Register File 
The Register File contains 232 bytes of RAM which can 
be accessed as bytes, words, or double-words. 
Since each 
of these locations 
can be used by the RALU, 
there are 
essentially 
232 "accumulators". 
The first word in the 
Register 
File is reserved 
for use as the stack pointer so 
it can not be used for data when stack manipulations 
are 
taking place. 
Addresses 
for accessing 
the Register File 
and SFRs are temporarily 
stored in two 8-bit address reg- 
isters by the CPU hardware. 


2.1.3. 
RALU Control 
Instructions 
to the RALU are taken from the A-Bus and 
stored temporarily 
in the instruction register. The Control 


Unit decodes 
the instructions 
and generates 
the correct 
sequence of signals to have the RALU perform the desired 
function. Figure 2-1 shows the instruction register and the 
control unit. 


2.1.4. 
RALU 
Most calculations performed by the 8096 take place in the 
RALU. The RALU, shown in Figure 2-2, contains a 17- 
bit ALU, the Program Status Word (PSW), the Program 
Counter (PC), a loop counter, and three temporary 
reg- 
isters. All of the registers are 16-bits or 17-bits (16 + sign 
extension) wide. Some of the registers have the ability to 
perform simple operations 
to off-load the ALU. 


A separate incrementer is used for the PC; however, jumps 
must be handled through the ALU. Two of the temporary 
registers 
have their own shift logic. These registers 
are 
used for the operations 
which require logical shifts, in- 
cluding 
Normalize, 
Multiply, 
and Divide. 
The "Lower 
Word" 
register is used only when double-word 
quantities 
are being 
shifted, 
the "Upper 
Word" 
register 
is used 


whenever 
a shift is performed 
or as a temporary register 
for many instructions. 
Repetitive shifts are counted by the 
5-bit "Loop 
Counter". 


A temporary 
register is used to store the second operand 
of two operand instructions. 
This includes the multiplier 
during multiplications 
and the divisor during divisions. 
To perform subtractions, 
the output of this register can be 
complemented 
before being placed into the "B" 
input of 
the ALU. 


The DELAY shown in Figure 2-2 is used to convert the 
16-bit bus into an 8-bit bus. This is required 
as all ad- 
dresses and instructions 
are carried on the 8-bit A bus. 


Several constants, 
such as 0, I and 2 are stored in the 
RALU for use in speeding up certain calculations. 
These 
come 
in handy 
when the RALU 
needs 
to make a 2's 
complement 
number 
or perform 
an increment 
or decre- 
ment instruction. 


The 8096 requires 
an input clock frequency 
of between 
6.0 MHz and 12 MHz to function. 
This frequency can be 
applied directly 
to XTALI. 
Alternatively, 
since XTALI 
and XTAL2 are inputs and outputs of an inverter, it is also 
possible 
to use a crystal to generate 
the clock. 
A block 
diagram of the oscillator 
section is shown in Figure 2-3. 


Details of the circuit and suggestions 
for its use can be 
found in section 4.1. 


2.2.1. 
Internal Timings 
The crystal or external oscillator 
frequency 
is divided by 
3 to generate 
the three internal timing phases as shown 
in Figure 2-4. Each of the internal phases repeat every 3 


I: 
C 
, 


oscillator 
periods: 
3 oscillator 
periods are referred 
to as 
one "state 
time", 
the basic time measurement 
for 8096 
operations. 
Most internal operations 
are synchronized 
to 
either Phase A, B or C, each of which have a 33% duty 
cycle. Phase A is represented 
externally 
by CLKOUT, 
a 
signal available 
on the 68-pin part. Phases B and C are 
not available 
externally. 
The relationships 
of XTALl, 
CLKOUT, 
and Phases A, B, and C are shown in Figure 
2-4. It should be noted that propagation 
delays have not 
been taken into account in this diagram. 
Details on these 
and other timing relationships 
can be found in sections 
4.1, 4.4 and 4.6. 
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The RESET line can be used to start the 8096 at an exact 
time to provide for synchronization 
of test equipment and 
multiple 
chip systems. 
Use of this feature 
is fully ex- 
plained under RESET, 
sections 2.15 and 4.1. 


The addressable 
memory 
space on the 8096 consists of 
64K bytes, 
most of which 
is available 
to the user for 
program or data memory. 
Locations 
which have special 
purposes are OOOOHthrough OOFFH and IFFEH through 
2010H. All other locations can be used for either program 
or data storage 
or for memory 
mapped 
peripherals. 
A 
memory map is shown in figure 2-5. 


The 8096BH parts have additional features in the memory 
map. A discussion 
of these can be found in the 8096BH 
data sheet in chapter 5. 


2.3.1. 
Register File 
Locations 
OOH through 
OFFH contain the Register 
File 
and SFRs. Complete information on this section of mem- 
ory space can be found in section 2.4. No code can be 
executed 
from this internal RAM section. 
If an attempt 
to execute instructions from locations OOOHthrough OFFH 
is made, 
the instructions 
will be fetched from external 
memory. 
This section of external memory is reserved for 
use by Intel development 
tools. Execution of a nonmask- 
able interrupt (NMI) will force a call to external location 


EXTERNAL 
MEMORY 
OR 
VO 


INTERNAL 
PROGRAM 
STORAGE 
ROM 


FACTORY 
TEST 
CODE 


8 
INTERRUPT 
1 
VECTORS 
0 


PORT 4 


PORT 3 


EXTERNAL 
MEMORY 


OR 
VO 


INTERNAL 
RAM 


REGISTER 
FilE 


STACK 
POINTER 


SPECIAL 
FUNCTION 
REGISTERS 
(WHEN 
ACCESSED 
AS 
DATA MEMORY) 


OOOOH,therefore, 
the NMI instruction is also reserved for 
Intel development 
tools. 


2.3.2. 
Reserved 
Memory Spaces 
Locations 
IFFEH and IFFFH are reserved for Ports 3 and 
4 respectively. 
This is to allow easy reconstruction 
of these 
ports if external memory is used in the system. An example 
of reconstructing 
the 1i0 ports is given in section 4.6.7. 
If ports 3 and 4 are not going to be reconstructed 
then 
these locations can be treated as any other external mem- 
ory location. 


The 9 interrupt 
vectors 
are stored 
in locations 
2000H 
through 
2011H. 
The 9th vector is used by Intel devel- 
opment systems, 
as explained 
in section 2.5. Internal 10- 
cations 
2012H 
through 
207FH 
are reserved 
for Intel's 
factory test code. To ensure compatibility 
with future parts 
external locations 2012H through 207FH must contain the 
hex value FFH. 


Resetting the 8096 causes instructions 
to be fetched start- 
ing from location 
2080H. 
This location 
was chosen 
to 
allow a system to have up to 8K of RAM continuous with 
the register file. Further information on reset can be found 
in section 2.15. 


2.3.3. 
Internal ROM 
When a ROM part is ordered, 
the internal memory 
lo- 
cations 2080H through 3FFFH are user specified as are 
the interrupt vectors in locations 2000H through 2011H. 


EXTERNAL 
MEMORY 
RESERVED 


FOR USE BY INTEL 
DEVELOPMENT 
SYSTEMS 


(WHEN 
ACCESSED 
AS 
PROGRAM 


MEMORY) 


Instruction and data fetches from the internal ROM occur 
only if the part has a ROM, 
EA is tied high, 
and the 
address is between 2000H and 3FFFH. At all other times 
data is accessed 
from either the internal RAM space or 
external memory and instructions 
are fetched from exter- 
nal memory. 


2.3.4. 
Memory Controller 
The RALU talks to the memory (except for the locations 
in the register 
file and SFR space) through the memory 
controller 
which is connected 
to the RALU by the A-bus 
and several control 
lines. 
Since the A-bus is eight bits 
wide, 
the 
memory 
controller 
uses 
a Slave 
Program 
Counter to avoid having to always get the instruction 
lo- 
cation from the RALU. This slave PC is incremented 
after 
each fetch. When a jump or call occurs, the slave PC must 
be loaded from the A-bus before instruction 
fetches can 
continue. 


In addition to holding a slave PC, the memory controller 
contains 
a 3 byte queue 
to help speed execution. 
This 
queue is transparent 
to the RALU and to the user unless 
wait states are forced 
during 
external 
bus cycles. 
The 
instruction 
execution 
times shown in Tables 3-3 and 3-4 
show 
the normal 
execution 
times 
with no wait states 
added. Reloading 
the slave PC and fetching the first byte 
of the new instruction 
stream takes 4 state times. This is 


reflected in the jump taken/not-taken 
times shown in Table 
3-4. 


2.3.5. 
System Bus 
The 8096BH data sheet, in chapter 5, has additional in- 
formation 
on the system 
bus and control 
lines of the 
8096BH 


External memory is addressed through lines ADO through 
ADl5 which form a 16-bit multiplexed (address/data) 
data 
bus. These lines share pins with I/O ports 3 and 4. The 
falling edge of the Address 
Latch Enable (ALE) line is 
u~ed to provide a clock to a transparent 
latch (74LS373) 
in order to demultiplex 
the bus. A typical circuit and the 
required 
timings 
are shown 
in section 
4.6. 
Since 
the 
8096's external memory can be addressed as either bytes 
or words, the decoding 
is controlled 
with two lines, Bus 
High Enable 
(BHE) and Addresss/Data 
Line 0 (ADO). 


The BHE line must be transparently 
latched, just as the 
addresses are. 


To avoid confusion during the explanation 
of the memory 
system it is reasonable to give names to the demultiplexed 
address/data 
signals. 
The address 
signals will be called 
MAO through 
MAIS 
(Memory 
Address), 
and the data 
signals 
will 
be called 
MOO through 
MDl5 
(Memory 
Data). 


PHASE A 
(CLKOUT) 


---"(ADDRESSX 
DATA OUT I~"""------ 


BHE,INST 
~_V_A_L1_D_X 
IN_V_A_L_ID 
__ 
~X 
VALID' 'C.. 


'IF ALE IS HIGH 


When BHE is active (low), the memory connected to the 
high byte of the data bus should be selected. When MAO 
is low the memory connected 
to the low byte of the data 
bus should be selected. 
In this way accesses to a 16-bit 
wide memory can be to the low (even) byte only (MAO- 
=0, 
BHE= 
I), to the high (odd) byte only (MAO= I, 
BHE=O), 
or to both bytes (MAO=O, 
BHE=O). 
When 
a memory block is being used only for reads, BHE and 
MAO need not be decoded. 


Figure 2-6 shows the idealized waveforms 
related to the 
following description 
of external memory manipulations. 


For exact timing specifications 
please refer to the latest 
data sheet. When an external 
memory 
fetch begins, 
the 
address latch enable (ALE) line rises, the address is put 
on ADO-ADI5 
and BHE is set to the re<J.uiredstate. ALE 
then falls, the address is taken off the pins, and the RD 
(Read) signal goes low. The READY 
line can be pulled 
low to hold the processor in this condition for a few extra 
state times. 


2.3.6. Bus Control Lines 
The READY line can be used to hold the processor in the 
above condition in order to allow access to slow memories 
or for DMA purposes. 
Sampling of the READY line oc- 
curs internally 
during Phase A, which is the signal that 
generates 
CLKOUT. 
There is a minimum time in which 
READY must be stable before CLKOUT goes low. If this 
set-up time is violated while the part is going to the not- 
ready state, the part may fail to operate predictably. 


Since READY is synchronized 
with CLKOUT, 
the 8096 
will be in a not-ready condition for a period equal to some 
multiple of CLKOUT, 
although the READY line can be 
brought high at any time. There is a maximum 
time for 
holding the 8096 in the not-ready condition, 
typically on 
the order of I JLS. The exact time is specified in the data 
sheet for the particular part and temperature range desired. 


The data from the external memory must be on the bus 
and stable for a minimum 
of the specified set-up time 
before 
the rising 
edge of RD. The rising edge of RD 
latches the information 
into the 8096. If the read is for 
data, the INST pin will be low when the address is valid, 
if it is for an instruction the INST pin will be high during 
this time. The 48-lead part does not have the INST pin. 


Writing to external memory requires timings that are sim- 
ilar to those required 
when reading 
from it. The main 
difference is that the write (WR) signal is used instead of 
the RD signal. The timings are the same until the falling 
edge of the WR line. At this point the 8096 removes the 
address and places the data on the bus. The READY line 
must be held in the desired state at that time as described 
above. When the WR line goes high the data should be 
latched to the external memory. INST is always low during 
a write, as instructions cannot be written. The exact timing 
specifications 
for memory 
accesses 
can be found in the 
data sheet. 
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Figure 
2-7. Register 
File Memory 
Map 


2.4. RAM SPACE 
The internal register locations in the 8096 are divided into 
two groups, 
a register file and a set of Special Function 
Registers (SFRs). The RALU can operate on any of these 
256 internal 
register 
locations. 
Locations 
OOH through 
17H are used to access the SFRs. Locations 
18H and 19H 
contain the stack pointer. 
These are not SFRs, and may 


be used as standard RAM if stack operations are not being 
performed. 
The stack pointer must be initialized 
by the 
user program and can point anywhere in the 64K memory 
space. The stack builds down. There are no restrictions 
on the use of the remaining 230 locations except that code 
cannot be executed 
from them. 


2.4.1. 
Special Function Registers 
All of the 1/0 on the 8096 is controlled through the SFRs. 
Many of these registers 
serve two functions; 
one if they 


are read from, the other if they are written to. Figure 2-7 
shows the locations and names of these registers. A sum- 
mary of the capabilities of each of these registers is shown 


Register 
Description 
Chapter 


RO 
Zero Register - 
Always reads as a zero, useful for a base when 
3.2.7 


indexing and as a constant for calculations 
and compares. 


AD_RESULT 
AID Result Hi/Low - 
Low and high order Results of the AID 
2.9.3 


converter 
(byte read only) 


AD_COMMAND 
AID Command 
Register - 
Controls the AID 
2.9.2 


HSI_MODE 
HSI Mode Register - 
Sets the mode of the High Speed Input unit. 
2.7.1 


HSI_ 
TIME 
HSI Time HiILo - 
Contains the time at which the High Speed Input 
2.7.4 
unit was triggered. 
(word read only) 


HSO_ 
TIME 
HSO Time Hi/Lo - 
Sets the time for the High Speed Output to 
2.8.3 


execute the command in the Command Register. 
(word write only) 


HSO _ COMMAND 
HSO Command 
Register - 
Determines 
what will happen at the time 
2.8.2 
loaded into the HSO Time registers. 


HSI_STATUS 
HSI Status Registers - 
Indicates which HSI pins were detected at the 
2.7.4 
time in the HSI Time registers. 


SBUF (TX) 
Transmit buffer for the serial port, holds contents to be outputed. 
2.11 


SBUF (RX) 
Receive buffer for the serial port, holds the byte just received by the 
2.11 
serial port. 


!NT _MASK 
Interrupt Mask Register - 
Enables or disables the individual 
2.5.2 


interrupts. 
3.6.2 


INT _ PENDING 
Interrupt Pending Register - 
Indicates when an interrupt signal has 
2.5.2 


occurred on one of the sources. 
3.6.2 


WATCHDOG 
Watchdog Timer Register - 
Written to periodically 
to hold off 
2.14 


automatic reset every 64K state times. 


TIMER I 
Timer I Hi/Lo - 
Timer I high and low bytes. (word read only) 
2.6.1 
2.7-8 


TIMER2 
Timer 2 Hi/Lo - 
Timer 2 high and low bytes. (word read only) 
2.6.2 
2.7-8 


IOPORTO 
Port 0 Register - 
Levels on pins of port O. 
2.12.1 


BAUD_RATE 
Register which contains the baud rate, this register is loaded 
2.11.4 
sequentially. 


10PORTl 
Port I Register - 
Used to read or write to Port I. 
2.12.2 


10PORT2 
Port 2 Register - 
Used to read or write to Port 2. 
2.12.3 


SP_STAT 
Serial Port Status - 
Indicates the status of the serial port. 
2.11.3 


SP_CON 
Serial port control - 
Used to set the mode of the serial port. 
2.11.1 


10S0 
lIO Status Register 0 - 
Contains information 
on the HSO status. 
2.13.4 


10SI 
lIO Status Register 
I - 
Contains information on the status of the 
2.13.5 


timers and of the HSI. 
3.7.2 


lOCO 
lIO Control Register 0 - 
Controls alternate functions of HSI pins, 
2.13.2 


Timer 2 reset sources and Timer 2 clock sources. 


lOCI 
lIO Control Register 
I - 
Controls alternate functions of Port 2 pins, 
2.13.3 


timer interrupts and HSI interrupts. 


PWM _ CONTROL 
Pulse Width Modulation 
Control Register - 
Sets the duration of the 
2.10 
PWM pulse. 
4.3.2 


in Figure 2-8, with complete descriptions reserved for later 
chapters. 
Note that these registers can be accessed only 
as bytes unless otherwise 
indicated. 


Within the SFR space are several registers labeled as "RE- 
SERVED". 
These 
registers 
are reserved 
for future ex- 
pansion or test purposes. Reads or writes of these registers 
may produce unexpected 
results. For example, 
writing to 
location OOOCHwill set both timers to OFFFXH, this fea- 
ture is for use in testing the part and should not be used 
in programs. 


2.4.2. 
Power Down 
The upper 
16 RAM locations 
(OFOH through OFFH) re- 
ceive their power from the VPD pin. If it is desired to 
keep the memory in these locations alive during a power 
down situation, 
one need only keep voltage on the VPD 
pin. The current required 
to keep the RAM alive is ap- 
proximately 
I milliamp 
(refer to the data sheet for the 
exact specification). 
Both VCC and VPD must have power 
applied for normal operation. 


To place the 8096 into a power down mode, the RESET 
pin is pulled low. Two state times later the part will be 
in reset. This is necessary to prevent the part from writing 
into RAM as the power goes down. The power may now 
be removed from the VCC pin, the VPD pin must remain 
within specifications. 
The 8096 can remain in this state 
for any amount of time and the 16 RAM bytes will retain 
their values. 


cycles be used. Suggestions 
for actual hardware connec- 
tions are given in section 4.1. Reset is discussed in section 
2.15. 


2.5.1. 
Interrupt Sources 
Eight interrupt 
sources are available on the 8096. When 
enabled, 
an interrupt 
occurring 
on any of these sources 
will force a call to the location stored in the vector location 
for that source. The interrupt sources and their respective 
vector locations 
are listed in Figure 2-10. In addition to 
the 8 standard 
interrupts, 
there is a TRAP 
instruction 
which acts as a software generated interrupt. This instruc- 
tion is not currently supported by the MCS-96 Assembler 
and is reserved 
for use by Intel development 
systems. 


Many of the interrupt sources can be activated by several 
methods, 
Figure 2-11 shows all of the possible 
sources 
for interrupts. 


Source 
Vector Location 
Priority 


(High 
(Low 
Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200cH 
6 
Software Timers 
200BH 
200AH 
5 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
200IH 
2000H 
o (Lowest) 


To bring the 8096 out of power down, 
RESET is held 
low while VCC is applied. Two state times after the os- 
cillator and the back bias generator 
have stabilized (-I 
millisecond), 
the RESET pin can be pulled high. The 8096 
will begin to execute 
code at location 02080H 
10 state 
times after RESET 
is pulled high. Figure 2-9 shows a 
timing diagram 
of the power down sequence. 
To ensure 
that the 2 state time minimum 
reset time (synchronous 
with CLKOUT) is met, it is recommended 
that 10 XTALI 
Figure 2-10. Interrupt Vector Locations 


VPD 
= 5±.5V 


RESET 


2.5.2. 
Interrupt Control 
A block diagram of the interrupt system is shown in Figure 
2-12. Each of the interrupt 
sources is tested for a 0 to I 
transition. 
If this transition occurs, the corresponding 
bit 
in the Interrupt 
Pending 
Register, 
located at 0009H, 
is 
set. The bit is cleared 
when the vector is taken to the 
interrupt routine. 
Since this register can be written to, it 
is possible to generate software interrupts by setting bits 
within the register, or remove pending interrupts by clear- 
ing the bits in this register. 
The pending register can be 
set even if the interrupt is disabled. 


Caution must be used when writing to the pending register 
to clear interrupts. 
If the interrupt 
has already been ac- 
knowledged 
when the bit is cleared, 
a 4 state time "par- 
tial" 
interrupt cycle will occur. This is because the 8096 
will have to fetch the next instruction 
of the normal in- 
struction 
flow, instead 
of proceeding 
with the interrupt 
processing 
as it was going to. The effect on the program 
will be essentially 
that of an extra NOP. 
This can be 
prevented by clearing the bits using a 2 operand immediate 
logical, 
as the 8096 holds off acknowledging 
interrupts 
during these "read/modify/write" 
instructions. 


Enabling 
and disabling 
of individual 
interrupts 
is done 
through the Interrupt Mask Register, 
located at 0008H. If 
the bit in the mask register 
is a I then the interrupt 
is 
enabled, 
otherwise 
it is disabled. 
Even if an interrupt is 
masked 
it may still become pending. 
It may, therefore, 


be desirable to clear the pending bit before unmasking an 
interrupt. 


The Interrupt 
Mask Register is also the low byte of the 
PSW. All of the interrupts 
may be enabled and disabled 
simultaneously 
by using the "EI" 
(Enable Interrupt) and 
"01" (Disable Interrupt) 
instructions. 
EI and 01 set and 
clear PSW.9, 
the interrupt enable bit, they do not effect 
the contents of the mask register. 


2.5.3. 
Interrupt Priority Programming 
The priority encoder 
looks at all of the interrupts which 
are both pending 
and enabled, 
and selects the one with 
the highest priority. 
The priorities 
are shown in Figure 
2-10 (7 is highest, 
0 is lowest.) 
The interrupt generator 
then forces a call to the location in the indicated vector 
location. 
This location would be the starting location of 
the Interrupt Service Routine (ISR). 
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At least one instruction in the ISR will always be executed 
before 
another 
interrupt 
can be acknowledged. 
Usually 
this instruction 
is "DI" 
or "PUSHF" 
(push flags). The 
PUSHF 
instruction 
pushes the PSW onto the stack and 
then clears it. 


Clearing the PSW disables all interrupts in two ways; by 
clearing PSW. 9, the interrupt enable bit and because the 
Interrupt Mask Register is located in bits 0 through 7 of 
the PSW. The interrupts 
which should be permitted 
to 
interrupt this ISR can then be set in the mask register and 
an "EI" 
instruction 
executed. 


By selectively 
determining 
which interrupts 
are enabled 
or disabled within which interrupt 
service routines, 
it is 


possible to configure the interrupt system in any way one 
would desire. More information 
on programming 
the in- 


terrupts can be found under software programming 
of in- 
terrupts, 
section 3.6. 


The last two instructions in an ISR are normally a "POPF" 
(pop flags), which restores the PSW and, therefore, 
the 
interrupt mask register, followed by a 'RET', 
which re- 
stores the Program Counter. Execution will then continue 
from the point at which the call was forced. 


2.5.4. 
Interrupt Timing 
Intenupts 
are not always acknowledged 
immediately. 
If 
the intenupt 
signal does not occur prior to 4 state-times 
before the end of an instruction, 
the 'intenupt will not be 
acknowledged 
until after the next instruction 
has been 
executed. 
This is because 
an instruction 
is fetched and 
prepared 
for execution 
a few state times before it is ac- 
tually executed. 


There are 6 instructions 
which always inhibit intenupts 


from being acknowledged 
until after the next instruction 
has been executed. 
These instructions 
are: 


EI, DI 
- 
Enable and Disable Intenupts 
POPF, PUSHF - 
Pop and Push Flags 
SIGNO 
- 
Prefix to perform signed multiply 
and divide (Note that this is not an 
ASM-96 Mnemonic, 
but is used for 
signed multiply and divide) 
TRAP 
- 
Software intenupt 


When an intenupt 
is acknowledged, 
a call is forced to the 
location indicated 
by the specified intenupt 
vector. This 


call occurs after the completion 
of the instruction in pro- 


cess, except as noted above. The procedure of getting the 
vector and forcing the call requires 21 state times. If the 
stack is in external RAM an additional 
3 state times are 


required. 


The maximum 
number of state times required from the 
time an interrupt 
is generated 
(not acknowledged) 
until 
the 8096 begins executing code at the desired location is 
the time of the longest instruction, 
NORML 
(Normalize 
- 
43 state times), plus the 4 state times prior to the end 
of the previous 
instruction, 
plus the response time (21 to 
24 state times). 
Therefore, 
the maximum 
response time 
is 71 (43 + 4 + 24) state times. This does not include the 
12 state times required for PUSHF if it is used as the first 
instruction 
in the intenupt 
routine or additional 
latency 


caused by having the intenupt 
masked or disabled. 


Interrupt latency time can be reduced by careful selection 
of instructions 
in areas of code where intenupts 
are ex- 
pected. 
Using 'EI' 
followed 
immediately 
by a long in- 


struction 
(e.g. 
MUL, 
NORML, 
etc.) 
will increase 
the 
maximum latency by 4 state times, as an intenupt 
cannot 
occur between 
EI and the instruction 
following 
EI. The 


"01", 
"PUSHF", 
"POPF" 
and "TRAP" 
instructions 
will also cause the same situation. Typically the PUSHF, 
POPF and TRAP instructions 
would only effect latency 
when one intenupt 
routine is already in process, as these 


instructions 
are seldom used at other times. 


Two 16-bit timers are available for use on the 8096. The 
first is designated 
"Timer 
I", 
the second, 
"Timer 
2". 


Timer I is used to synchronize 
events to real time, while 
Timer 2 can be clocked externally and synchronizes events 
to external occurences. 


2.6.1. Timer 1 
Timer 
I is clocked once every eight state times and can 
be cleared only by executing a reset. The only other way 
to change its value is by writing to OOOCHbut this is a 
test mode which sets both timers to OFFFXH and should 
not be used in programs. 


2.6.2. 
Timer 2 
Timer 2 can be incremented 
by transitions (one count each 
transition, 
rising and falling) on either T2CLK or HSI.I. 


The multiple functionality 
of the timer is determined 
by 
the state of 110 Control Register 0, bit 7 (lOCO.7). 
To 
ensure that all CAM entries are checked 
each count of 
Timer 2, the maximum transition speed is limited to once 
per eight state times. Timer 2 can be cleared by: executing 
a reset, 
by setting lOCO. 1, by triggering 
HSO channel 
OEH, or by pulling T2RST or HSI.O high. The HSO and 


CAM are described 
in section 2.8. IOCO.3 and IOCO.S 
control the resetting 
of Timer 2. Figure 2-13 shows the 
different ways of manipulating 
Timer 2. 


2.6.3. 
Timer Interrupts 
Both Timer I and Timer 2 can be used to trigger a timer 
overflow intenupt 
and set a flag in the 110 Status Register 
I (IOSI). 
The intenupts 
are controlled 
by IOCI.2 
and 
IOCI.3 
respectively. 
The flags are set in IOSI.5 
and 
10S 1.4, respectively. 


Caution must be used when examining 
the flags, as any 
access 
(including 
Compare 
and Jump on Bit) of 10SI 
clears the whole byte, including the software timer flags. 
It is, therefore, 
recommended 
to write the byte to a tem- 
porary register before testing bits. The general enabling 
and disabling of the timer intenupts 
are controlled by the 
Intenupt 
Mask Register bit O. In all cases, setting a bit 
enables a function, 
while clearing a bit disables it. 
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2.6.4. Timer Related sections 
The High Speed 110 unit is coupled to the timers in that 
the HSI records 
the value on Timer 
1 when transitions 


occur and the HSO causes transitions 
to occur based on 


values of either Timer 1 or Timer 2. The Baud rate gen- 
erator can use the TICLK 
pin as input to its counter. 
A 


complete listing of the functions oflOS 1, lOCO, and lOCI 
are in section 2.13. 


The High Speed Input Unit (HSn, 
can be used to record 
the time at which an event occurs with respect to Timer 
1. There are 4 lines (HSI.O through HSI.3) which can be 
used in this mode and up to a total of 8 events can be 
recorded. 
HSI.2 
and HSI.3 
share pins with HSOA and 
HSO.5. 
The 110 Control Registers (lOCO and 10Cl) 
are 
used to determine 
the functions 
of these pins. A block 
diagram of the HSI unit is shown in Figure 2-14. 


2.7.1. 
HSI Modes 
There are 4 possible 
modes of operation for each of the 
HSI. The HSI mode register is used to control which pins 
will look for what type of events. The 8-bit register is set 
up as shown in Figure 2-15. 
High and low levels each need to be held for at least 1 
state time to ensure proper operation. The maximum input 
speed is 1 event every 8 state times except when the 8 
transition 
mode is used, in which case it is 1 transition 
per state time. 


HSI.O MODE 


HSI.1 
MODE 


HSI.2 MODE 


HSI.3MODE 


00 
8 POSITIVE 
TRANSITIONS 


01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRANSITION 


11 
EVERY 
TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


The HSI lines can be individually 
enabled and disabled 


using bits in lOCO, at location OO15H. Figure 2-16 shows 
the bit locations which control the HSI pins. If the pin is 
disabled, 
transitions 
will not be entered in the FIFO. 


,..----- 
IOCO.3,IOCO.5 
J:~ 
T2RESET 


r---- IOCO.O 


HSI.O 
~-------HSI 


.--_.- 
IOCO.2 
~"'C 
HSI 
r :----- 
IOCO.7 


HSI.l -L 
~"'C_------TlMER2 
CLOCK 


••---- 
IOCO.4 
HSI.2 __ 
~'O-------HSI 


. r--- IOCO.6 
HSI.3 __ 
""'o~--------HSI 


Figure 
2·16. lOCO Control 
of HSI Pin Functions 
2.7.2. HSI FIFO 
When an HSI event occurs, 
a 7 x 20 FIFO stores the 16 


bits of Timer 
I and the 4 bits indicating 
the state of the 


4 HSI lines at the time the status is read. It can take up 
to 8 state times for this information 
to reach the holding 


register. 
For this reason, 
8 state times must be allowed 
between consecutive reads of HSLTIME. 
When the FIFO 


is full, one additional event for a total of 8 events can be 
stored by considering 
the holding register part of the FIFO. 


If the FIFO and holding register 
are full any additional 


events will not be recorded. 


2.7.3. HSllnterrupts 
Interrupts 
can be generated 
from the HSI unit in one of 


two ways, determined 
by IOC!.7. 
If the bit is a 0, then 


an interrupt will be generated every time a value is loaded 
into the holding register. If it is a I, an interrupt will only 
be generated when the FIFO, (independent 
of the holding 


register), has six entries in it. Since all interrupts are rising 
edge triggered, 
if IOC!.7= 
I, the processor 
will not be 


re-interrupted 
until the FIFO first contains 5 or less rec- 
ords, 
then 
contains 
six or 
more. 
Interrupts 
can 
also 
be generated 
by pin HSI.O, which has its own interrupt 


vector. 


2.7.4. HSI Status 
Bits 6 and 7 of the I/O Status register 
I (lOS I) indicate 
the status of the HSI FIFO. 
If bit 6 is a I. the FIFO 


contains 
at least six entries. 
If bit 7 is a I, the FIFO 


contains at least I entry and the holding register has been 
loaded. The FIFO may be read after verifying that it con- 
tains valid data. Caution must be used when reading or 
testing bits in 10S I, as this action clears the entire byte, 
including the sofrware and hardware timer overflow flags. 
It is best to store the byte and then test the stored value. 
See Section 3.7.2. 


register is read to obtain the current state of the HSI pins 
and which pins had changed 
at the recorded 
time. The 
format of the HSI _ STATUS Register is shown in Figure 
2-17. Second, the HSI Time register is read. Reading the 
Time register unloads 
one word of the FIFO, 
so if the 
Time register is read before the Status register, the infor- 
mation in the Status register will be lost. The HSI Status 
register is at location 06H and the HSI Time registers are 
in locations 04H and 05H. 


If the HSI _ TIME and Status register are read without 
the holding register being loaded, the values read will be 
undeterminate . 


It should be noted that many of the Status register con- 
ditions 
are changed 
by a reset, 
see section 
2.15.2. 
A 
complete listing of the functions of 10SO, 10S I. and lOCI 
can be found in section 2.13 . 


The High Speed Output 
unit (HSO) is used to trigger 
events 
at specific 
times 
with minimal 
CPU overhead. 


These events include: starting an A to D conversion, 
re- 
setting Timer 2, setting 4 software 
flags, and switching 
up to 6 output lines. Interrupts can be generated whenever 
one of these events is triggered. 
Up to 8 events can be 
pending at anyone 
time. 


2.8.1. HSIO Shared Pins 
Two of the 6 output lines (HSO.O through 
HSO.5) 
are 
shared with the High Speed Input (HSI) lines. HSO.4 and 
HSO.5 
are shared with HSI.2 
and HSU, 
respectively. 


Bits 4 and 6 of the I/O Control Register I (lOCI) are used 
to enable HSO.4 and HSO.5 as outputs. 


2.8.2. HSIO CAM 
A block diagram of the HSO unit is shown in Figure 2- 
18. The Content Addressable 
Memory (CAM) file is the 
center of control. 
One CAM register is compared with a 
time value every state time. Therefore, 
it takes 8 state 
times to compare all CAM registers with a timer. 


HSI.OSTATUS 


HSI.l STATUS 


HSI.2 STATUS 


HSI.3 STATUS 
WHERE FOR EACH 2-BIT STATUS FIELD THE LOWER 
BIT INDICATESWHETHEROR NOTAN EVENTHAS0c- 
CURREDON THIS PIN AT THE TIME IN HSI_TlME 
AND 
THE UPPERBIT INDICATESTHE CURRENTSTATUSOF 
THE PIN. 


HIGH SPEED 
OUTPUT 
CONTROLS 


6 PINS 


4 SOFTWARE 
TIMERS 


2 INTERRUPTS 


INITIATE 
AID CONVERSION 


RESET 
TIMER 
2 


Each CAM register is 23 bits wide. Sixteen bits specify 
the time at which the action is to be carried out and 7 bits 
specify both the nature of the action and whether Timer 
1 or Timer 2 is the reference. 
The format of the command 
to the HSO unit is shown in Figure 2-19. Note that bit 5 
is ignored for command 
channels 8 through OFH. 


To enter a command 
into the CAM file, write the 7-bit 


"Command 
Tag" 
into location 0006H followed by the 
time at which the action is to be carried out into word 
address 
0004H. 
Writing 
the time value loads the HSO 
Holding 
Register 
with both the time and the last written 
command 
tag. The command 
does not actually enter the 
CAM file until an empty CAM register becomes available. 
Since it can take up to 8 state times for a command 
to 
enter the CAM, commands 
written less than 8 state times 
from an earlier command could over-write the earlier com- 


mand. In addition, 
if Timer 
1 is being used as the refer- 


ence, the minimum time that can be loaded is Timer 1 + 
2. A similar restriction 
applies if Timer 2 is used as the 


reference. 


Care must be taken when writing the command 
tag for 


the HSO. If an interrupt occurs during the time between 
writing the command tag and loading the time value, and 
the interrupt 
service routine writes to the HSO time reg- 
ister, the command 
tag used in the interrupt routine will 


be written to the CAM at both the time specified by the 
interrupt routine and the time specified by the main pro- 
gram. The command tag from the main program will not 
be executed. 
One way of avoiding this problem would be 


to disable interrupts 
when writing commands 
and times 


to the HSO unit. See also Section 3.7.3. 


0-5 
HSO.O - HSO.5 


6 
HSO.O AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 
8-8 
SOFTWARE 
TIMERS 


E 
RESET 
TIMER 
2 


F 
START 
AID CONVERSION 


INTERRUPTINO 
INTERRUPT 


SET/CLEAR 


TIMER 
2ITIMER 
1 


2.8.3. 
HSO Status 
Before writing to the HSO, it is desirable to ensure that 
the Holding Register is empty. If it is not, writing to the 
HSO will overwrite 
the value in the Holding 
Register. 


110 Status Register 
0 (IOSO) bits 6 and 7 indicate 
the 
status of the HSO unit. This register is described in section 
2.13.4. 
If IOSO.6 equals 0, the holding register is empty 
and at least one CAM register is empty. If 10SO. 7 equals 
0, the holding register is empty. 


One location in the CAM file is checked each state-time. 
Thus, 
it takes 8 state-times 
for the Holding Register to 
have had access to all 8 CAM registers. Similarly, it takes 
8 state-times 
for the comparator 
to have had access to all 
8 CAM registers. 
This defines the time-resolution 
of the 
HSO unit to be 8 state-times 
(2.0 /-LSec,if the oscillator 
frequency 
is 12 MHz). Note that the comparator does not 
look at the holding register, so instructions in the holding 
register do not execute. 


2.8.4. 
Clearing The HSO 
All 8 CAM locations 
of the HSO are compared 
before 
any action is taken. This allows a pending external event 
to be cancelled 
by simply writing the opposite event to 
the CAM. However, 
once an entry is placed in the CAM, 
it cannot 
be removed 
until 
either 
the 
specified 
timer 
matches 
the written 
value or the chip is reset. 
Internal 
events 
are not synchronized 
to Timer 
I, and therefore 
cannot be cleared. This includes events on HSO channels 
8 through 
F and all interrupts. 
Since interrupts 
are not 
synchronized 
it is possible to have multiple interrupts at 
the same time value. 


2.8.5. 
Using Timer 2 With The HSO 
Timer 
I is incremented 
only once every 8 state-times. 


When it is being used as the reference timer for an HSO 
action, the comparator 
has a chance to look at all 8 CAM 
registers before Timer I changes its value. Following the 
same reasoning, 
Timer 2 has been synchronized 
to allow 
it to change at a maximum rate of once per 8 state-times. 
Timer 2 increments 
on both edges of the input signal. 


When using Timer 2 as the HSO reference, 
caution must 
be taken that Timer 2 is not reset prior to the highest value 
for a Timer 2 match in the CAM. 
This is because 
the 
HSO CAM will hold an event pending until a time match 
occurs, if that match is to a time value on Timer 2 which 
is never reached, 
the event will remain pending 
in the 
CAM until the part is reset. 


Additional 
caution must be used when Timer 2 is being 
reset using the HSO unit, since resetting Timer 2 using 
the HSO is an internal event and can therefore happen at 
any time within the eight-state-time 
window. For this rea- 
son, any events scheduled 
to occur at the same time as a 
Timer 2 reset should be logged into the CAM with a Timer 
2 value of zero. When using this method to make a pro- 
grammable 
modulo 
counter, 
the count will stay at the 
maximum Timer 2 value only until the Reset T2 command 
is recognized. 
The count will stay at zero for the transition 
which would have changed the count from "N" 
to zero, 
and then change to a one on the next transition. 


2.8.6. 
Software Timers 
The HSO can be programmed 
to generate 
interrupts 
at 
preset times. Up to four such "Software 
Timers" 
can be 
in operation 
at a time. As each preprogrammed 
time is 
reached, 
the HSO unit sets a Software Timer Flag. If the 
interrupt bit in the command tag was set then a Software 
Timer Interrupt will also be generated. 
The interrupt ser- 
vice routine can then examine 110 Status register I (IOS I) 
to determine which software timer expired and caused the 
interrupt. When the HSO resets Timer 2 or starts an A to 
D conversion, 
it can also be programmed 
to generate 
a 
software timer interrupt but there is no flag to indicate that 
this has occurred. 
See also Section 3.7.4. 


If more than one software 
timer interrupt 
occurs in the 
same time frame it is possible that multiple software timer 
interrupts will be generated. 


Each read or test of any bit in 10S I will clear the whole 
byte. Be certain to save the byte before testing it unless 
you are only concerned with I bit. See also Section 3.2.2. 


A complete 
listing of the functions 
of 10SO, 10SI, 
and 
lOCI 
can be found in section 2.13. The Timers are de- 
scribed in section 2.6 and the HSI is described in section 
2.7. 


2.9. ANALOG 
INPUTS 
The A to D converter on the 8096 provides a lO-bit result 
on one of 8 input channels. 
Conversion 
is done using 
successive 
approximation 
with a result equal to the ratio 
of the input voltage divided by the analog supply voltage. 
If the ratio is 1.00, then the result will be all ones. The 
AID converter 
is available on the 8097, 8397, 8095 and 
8395 members of the MCS"'-96 family. The AID converter 
on the 8096BH is slightly different than that on the 8096, 
see the data sheet in Chapter 5. 


2.9.1. 
AID Accuracy 
Each conversion 
requires 
168 state-times 
(42JLS at 12 
MHz) 
independent 
of the accuracy 
desired 
or value of 
input voltage. 
The input voltage must be in the range of 
o to VREF, the analog reference and supply voltage. For 
proper operation, 
VREF (the reference voltage and analog 
power 
supply) 
must 
be 
held 
at VCC 
± 
0.3V 
with 
VREF= 
5.0±0.5V. 
The AID result is calculated from the 
formula: 


1023 x (input voltage-ANGND) 
I (VREF-ANGND) 


It can be seen from this formula that changes in VREF or 
ANGND 
effect the output of the converter. 
This can be 
advantageous 
if a ratiometric 
sensor is used since these 
sensors have an output that can be measured 
as a pro- 
portion of VREF. 


If high absolute accuracy is needed it may be desirable to 
use a separate power supply, or power traces, to operate 
the AID converter. 
There is no sample and hold circuit 
internal 
to the chip, 
so the input voltage must be held 
constant for the entire 168 state times. Examples of con- 
necting the AID converter to various devices are given in 
section 4.3. 


AID COMMAND 
REGISTER 


(LOCATION 
02H) 


1 
GO 
CH# 


~ 


CHANNEL 
# SELECTS 
WHICH 
OF THE 8 ANALOG 
INPUT 


CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN 
THE CONVERSION 
IS TO BE 


INITIATED 
(GO=1 
MEANS 
START 
NOW, GO=O 


MEANS 
THE CONVERSION 
IS TO BE INITIATED 


BY THE HSO UNIT AT A SPECIFIED 
TIME). 


2.9.2. AID Commands 
Analog signals can be sampled by anyone 
of the 8 analog 
input pins (ACHO through ACH7) which are shared with 
Port O. ACH7 can also be used as an external interrupt if 
lOCI. I is set (see section 2.5). The AID Command Reg- 
ister, at location 02H, selects which channel is to be con- 
verted and whether the conversion 
should start immedi- 
ately or when the HSO (Channel #OFH) triggers it. The 
AID command 
register must be written for each conver- 


sion, 
even if the HSO is used as the trigger. 
A to D 
commands 
are formatted as shown in Figure 2-20. 


The command register is double buffered so it is possible 
to write a command to start a conversion triggered by the 
HSO while one is still in progress. 
Care must be taken 
when this is done since if a new conversion 
is started 
while one is already in progress, the conversion in progress 
is cancelled and the new one is started. When a conversion 
is started, the result register is cleared. For this reason the 
result register 
must be read before a new conversion 
is 
started or data will be lost. 


2.9.3. AID Results 
Results of the analog conversions 
are read from the AID 


Result Register at locations 02H and 03H. Although these 
addresses are on a word boundary, 
they must be read as 


individual 
bytes. Information 
in the AID Result register 


is formatted as shown in Figure 2-21. Note that the status 
bit may not be set until 8 state times after the go command. 
Information 
on using the HSO is in section 2.8. 


2.10. 
PULSE WIDTH MODULATION 
OUT- 
PUT (D/A) 
Digital to analog conversion 
can be done with the pulse 


width modulation 
output; a block diagram of the circuit 


is shown in Figure 2-22. The 8-bit counter is incremented 
every state time. When it equals 0, the PWM output is 
set to a one. When the counter matches the value in the 
PWM 
register, 
the output 
is switched 
low. 
When 
the 


counter overflows, the output is once again switched high. 
A typical output waveform is shown in Figure 2-23. Note 
that when the PWM register equals 00, the output is always 
low. 


The output waveform is a variable duty cycle pulse which 
repeats every 256 state times (64 pS at l2MHz). 
Changes 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 


1 = 
CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIACANT 
2 BITS 


MOST 
SIGNIFICANT 
BYTE 


in the duty cycle are made by writing to the PWM register 
at location 
17H. There are several types of motors which 


require 
a PWM waveform 
for most efficient operation. 


Additionally, 
if this waveform is integrated it will produce 


a DC level which can be changed in 256 steps by varying 
the duty cycle. 


Details about the hardware required for smooth, accurate 
D/A conversion 
can be found in section 4.3.2. 
Typically, 


PWM CONTROL 
REGISTER 
VALUE 


00 
HI 


LO 


25 
~~.Jl 


128 
HI 


LO 


230 
HI .J 
LO 


some form of buffer and integrator 
are needed to obtain 
the most usefulness 
from this feature. 


The PWM output shares a pin with Port 2, pin 5 so that 
these two features cannot be used at the same time. 10CI.0 
equal to I selects the PWM function instead of the standard 
port function. 
More information 
on lOCI 
is in section 
2.13.3. 


The serial port is compatible with the MCS-51 serial port. 
It is full duplex, 
meaning it can transmit and receive si- 
multaneously. 
It is also receive-buffered, 
meaning it can 
commence 
reception of a second byte before a previously 
received byte has been read from the receive register. The 
serial port registers (SBUF) are both accessed at location 
07H. A write to this location accesses the transmit register, 
and a read accesses a physically separate receive register. 


The serial port can operate in 4 modes (explained below). 
Selection of these modes is done through the Serial Port 
Status/Control 
register at location 
IIH, 
shown in Figure 


2-27. 


2.11.1. 
Serial Port Modes 


MODE 0 
Mode 0 is a shift register mode. The 8096 outputs a train 
of 8 shift pulses to an external 
shift register to clock 8 


bits of data into or out of the register from or to the 8096. 
Serial data enters and exits the 8096 through RXD. TXD 
outputs the shift clock. 8 bits are transmitted or received, 
LSB first. A timing diagram 
of this mode is shown in 
Figure 2-24. This mode is useful as an I/O expander 
in 
which application 
external shift registers can be used as 


additional parallel I/O ports. An example of using the port 
in this mode is given in section 4.5. 


TXD """u """u """U """U """U """u """u """U 


-'r--\r--\r--\r-"\r--\r--\r--\r--\r-"\r-"\r-"\r--\r--\r-"\r--\r- 
RXD (in) 
VALID 
VALID 
VALID 
VALID 
VALID 
VALID 
VALID 
VALID 


--..J\.....J\......J\.....J\......J\.....J\.....J\......J\.......J\...J\......J\.-J\.......J\.-J\.......J\.-J\....- 


MODE 1 
lO-bit frames are transmitted 
through TXD, and received 
through RXD: a start bit (0), 8 data bits (LSB first), and 
a stop bit (I). 
If PEN = 1 then an even parity bit is 


transmitted 
instead of the eighth data bit. This mode is 
the one commonly used for CRT terminals. The data frame 
for Mode 1 is shown in Figure 2-25. 


MODE 2 
ll-bit 
frames are transmitted 
through TXD and received 
through 
RXD: a start bit (0), 8 data bits (LSB first), a 
programmable 
9th data bit, and a stop bit (I). On transmit, 


the 9th data bit can be assigned the value of 0 or I using 
the TB8 bit. This bit is cleared on each transmission. 
On 
receive, the serial port interrupt is not activated unless the 
received 9th data bit is 1. Parity cannot be enabled in this 
mode. This mode is commonly 
used along with mode 3 
in a multiprocessor 
environment. 


MODE 3 
ll-bit 
frames are transmitted 
through TXD and received 
through 
RXD: a start bit (0), 8 data bits (LSB first), a 
programmable 
9th data bit, and a stop bit (1). On transmit, 


the 9th data bit can be assigned the value of 0 or 1 using 
the TB8 bit. If PEN = 1 the 9th bit will be parity. On 
receive, 
the received 9th data bit is stored and the serial 


port interrupt is activated regardless of its value. The data 
frame for Modes 2 and 3 is shown in Figure 2-26. 


2.11.2. 
Multiprocessor 
Communications 
Mode 2 and 3 are provided 
for multiprocessor 
commu- 


nications. 
In mode 2 if the received 9th data bit is not I, 


the serial port interrupt 
is not activated. 
The way to use 


this feature in multiprocessor 
systems is described below. 


When the master processor 
wants to transmit a block of 


data to one of several slaves, it first sends out an address 
frame which identifies the target slave. An address frame 
will differ from a data frame in that the 9th data bit is I 
in an address frame and 0 in a data frame. No slave in 
mode 2 will be interrupted 
by a data frame. An address 


frame, however, will interrupt all slaves so that each slave 
can examine the received byte and see if it is being ad- 
dressed. The addressed slave switches to mode 3 to receive 
the coming 
data frames, 
while the slaves that were not 


addressed stay in mode 2 and go on about their business. 


2.11.3. 
Controlling 
the Serial Port 
Control of the Serial Port is done through the Serial Port 
ControVStatus 
register. 
The format for the control word 


is shown in Figure 2-27. Note that reads access only part 
of the byte, 
as do writes, 
and that TB8 is cleared after 


each byte is transmitted. 


In Mode 0, if REN =0, writing 
to SBUF will start a 


transmission. 
Causing a rising edge on REN, or clearing 


RI with REN = I, will start a reception. 
Setting REN = 0 


will stop a reception 
in progress, 
and inhibit further re- 


ceptions. 
To avoid a partial or complete undesired recep- 


tion, REN must be set to zero before clearing RI. This 
can be handled in an interrupt environment 
by using soft- 


ware flags, or in a straight-line code environment 
by using 


the Interrupt Pending register to signal the completion 
of 


a receive. 
In any mode, it is necessary 
to set IOC1.5 to 
a I to enable the TXD pin. Some examples of the software 
involved 
in using the serial port can be found in section 


3.8. More information 
on lOCI 
is in section 2.13.3. 


2.11.4. 
Determining 
Baud Rates 


Baud rates in all modes are determined by the contents of 
a 16-bit register at location OOOEH.This register must be 
loaded 
sequentially 
with 2 bytes (least significant 
byte 


first). The MSB of this register selects one of two sources 
for the input frequency 
to the baud rate generator. 
If it is 


a I, the frequency 
on the XTALl pin is selected, if not, 
the external 
frequency 
from the T2CLK pin is used. It 


should be noted that the maximum 
speed of T2CLK 
is 


one transition every 2 state times, with a minimum period 
of 16 XT ALl cycles. 


The unsigned integer represented 
by the lower IS bits of 
the baud rate register defines a number B, where B has a 
maximum value of 32767. The baud rate for the four serial 
modes using either XTALl or T2CLK as the clock source 
is given by: 


Using XTALl: 


Mode 0: Baud 
Rate 


Baud 
Others: 
Rate 


Using T2CLK: 


Mod o· Baud 
e 
. Rate 


XTALl frequency. 
B* 0 


4*(B+I) 
, 


XTALl 
frequency 


64*(B+ 
I) 


T2CLK frequency 
. B*0 


B 
' 


Others: 
Baud 
T2CLK frequency. 
B* 0 


Rate 
16*B' 


Note that B cannot equal 0, except when using XTALI 
in other than mode O. 


Common baud rate values, using XTALI 
at 12MHz, are 


shown below. 
Baud Rate 
Baud 
Register 
Mode 0 
Value 
Others 


9600 
4800 
2400 
1200 
300 


8138H 
827lH 
84E2H 
89C4H 
A710H 


8014H 
8027H 
804EH 
809CH 
8271H 


187.5 Kbaud, 
The maximum 
asynchronous 
baud rate is 
with a 12MHz clock. 


PEN 
ENABLE THE PARITY FUNCTION (EVEN PARITy); 


REN 
ENABLES 
THE RECEIVE FUNCTION; 


T88 
PROGRAMS THE 9TH DATA BIT (IF NOT PARITY) ON 
TRANSMISSION; (CLEARS AFTER TRANSMISSION) 
TI 
IS THE TRANSMIT INTERRUPT FLAG; 


RI 
IS THE RECEIVE INTERRUPT FLAG; 


RBe 
IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY); 


RPE 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 


NOTE: TI AND RI ARE CLEARED WHEN SP _ 
STAT IS READ. 


There are five 8-bit VO ports on the 8096. Some of these 
ports are input only, some output only, some bidirectional 
and some have alternate functions. 
Input ports connect to 
the internal 
bus through 
an input buffer. 
Output ports 
connect 
through 
an output buffer to an internal register 
that holds the output bits. Bidirectional 
ports consist of 
an internal register, an output buffer, and an input buffer. 


When 
an instruction 
accesses 
a bidirectional 
port as a 
source register, the question often arises as to whether the 
value that is brought into the CPU comes from the internal 
port register or from the port pins through the input buffer. 
In the 8096, the value always comes from the port pins, 
never from the internal register. 


2.12.1. Port 0 
Port 0 is an input only port which shares its pins with the 
analog inputs to the NO Converter. 
One can read Port 0 
digitally, 
and/or, 
by writing the appropriate 
control bits 
to the AID Command 
Register, 
select one of the lines of 
this port to be the input to the AID Converter. 


2.12.2. Port 1 
Port 1 is a quasi-bidirectional 
VO port. "Quasi-bidirec- 
tional" 
means the port pin has a weak internal punup that 
is always active and an internal pulldown which can either 
be on (to output a 0) or off (to output a I). If the internal 
pull down is left off (by writing a I to the pin), the pin's 
logic level can be controlled 
by an external 
pull down 
which can either be on (to input a 0) or off (to input a I). 
From the user's point of view the main distinction is that 
a quasi-bidirectional 
input will source current while being 
externally 
held low and will pull itself high if left alone. 


In parallel 
with 
the weak 
internal 
pullup, 
is a much 
stronger internal pullup that is activated for one state time 
when the pin is internally driven from 0 to I. This is done 
to speed up the O-to-I transition 
time. See also Sections 
3.7.1 and 4.2.2. 


Port 2 is a multi-functional 
port. Six of its pins are shared 
with other functions 
in the 8096, as shown below. 


Alternate 
Port 
Function 
Function 
Controlled 
by 


PZ.O 
output 
TXD (serial port 
IOCI.5 
transmit) 
PZ.I 
input 
RXD (serial'port 
N/A 
receive) 
PZ.2 
input 
EXTINT 
IOCI.I 
(external interrupt) 
PZ.3 
input 
T2CLK (Timer 
IOCO.7 
2 input) 
PZ.4 
input 
T2RST (Timer 
IOCO.5 
2 reset) 
PZ.5 
output 
PWM 
IOCI.O 
(pulse-width 
modulation) 
PZ.6 
quasi-bidirectional 
PZ.7 
quasi-bidirectional 


2.12.4. Ports 3 and 4/ AD 0-15 
These pins have two functions. 
They are either bidirec- 
tional ports with open-drain 
outputs or System Bus pins 
which the memory 
controller 
uses when it is accessing 


off-chip memory. 
If the EA line is low, the pins always 


act as the System 
Bus. Otherwise 
they act as bus pins 


only during a memory access. If these pins are being used 
as ports and bus pins, ones must be written to them prior 
to bus operations. 


Strong internal pullups are used during external memory 
read or write cycles when the pins are used as address or 
data outputs. 
At any other time, the internal pullups are 


HSI.O INPUT 
ENABLE/DISABLE 


TIMER 
2 RESET 
EACH 
WRITE 


HSl.l 
INPUT 
ENABLE/DISABLE 


TIMER 
2 EXTERNAL 
RESET 
ENABLEIDISABLE 


HSI.2 INPUT 
ENABLE/DISABLE 


TIMER 
2 RESET 
SOURCE 
HSI.Orr2 
RST 


HSI.3 INPUT 
ENABLE/DISABLE 


TIMER 
2 CLOCK 
SOURCE 
HSI.lrr2CLK 


disabled. The port pins and their system bus functions are 
shown below: 


Port Pin 
System Bus Function 


P3.0 
ADO 
P3.1 
ADI 
P3.2 
AD2 
P3.3 
AD3 
P3.4 
AD4 
- 


P3.5 
AD5 
P3.6 
AD6 
P3.7 
AD7 
. 


P4.0 
AD8 
P4.1 
AD9 
P4.2 
AD 10 
~ 


P4.3 
AD 11 
P4.4 
ADI2 
P4.5 
ADl3 
P4.6 
ADI4 
P4.7 
ADI5 


2.13.1. 
1/0 Control 
Registers 
There 
are two 110 Control 
registers, 
lOCO and lOCI. 


lOCO controls Timer 2 and the HSI lines. lOCI controls 
some pin functions, 
interrupt sources and 2 HSO pins. 


Whenever 
input lines are switched between two sources, 
or enabled, 
it is possible to generate transitions 
on these 
lines. 
This could 
cause problems 
with respect 
to edge 


sensitive 
lines such as the HSllines, 
Interrupt line, and 
Timer 2 control lines. 


2.13.2. 
1/0 Control 
Register 
0 (lOCO) 


lOCO is located 
at 0015H. 
The four HSI lines can be 


enabled or disabled to the HSI unit by setting or clearing 
bits in lOCO. Timer 2 functions including clock and reset 
sources 
are also determined 
by lOCO. The control 
bit 


locations are shown in Figure 2-28. 


2.13.3. 
1/0 Control 
Register 
1 (IOC1) 
lOCI 
is used to select some pin functions 
and enable or 
disable some interrupt sources. Its location is 00 16H. Port 
pin PZ.5 can be selected to be the PWM output instead 
of a standard output. The external interrupt source can be 
selected to be either EXTINT (same pin as P2.2) or Analog 
Channel 7 (ACH7, same pin as PO.7). Timer I and Timer 
2 overflow interrupts can be individually 
enabled or dis- 
abled. The HSI interrupt can be selected to activate either 
when there is I FIFO entry or 7. Port pin PZ.O can be 
selected to be the TXD output. HSO.4 and HSO.5 can be 
enabled or disabled 
to the HSO unit. More information 


on interrupts is available in section 2.5. The positions of 
the lOCI 
control bits are shown in Figure 2-29. 


2.13.4. 
1/0 Status 
Register 
0 (1050) 
There are two 110 Status registers, 10SO and 10S I. 10SO, 
located 
at 0015H, 
holds the current 
status of the HSO 
lines and CAM. 
The status bits of 10SO are shown in 
Figure 2-30. 


2.13.5. 
1/0 Status 
Register 
1 (1051) 
10SI 
is located at 0016H. 
It contains 
status bits for the 


timers and the HSI. Every access of this register clears 
all of the timer overflow 
and timer expired 
bits. 
It is, 


therefore, 
important to first store the byte in a temporary 


location before attempting 
to test any bit unless only one 


bit will ever be of importance 
to the program. 
The status 


bits ofIOS I are shown in Figure 2-31. 


This feature is provided as a means of graceful recovery 
from a software upset. Once the watchdog is initialized, 
if the software fails to reset the watchdog 
at least every 


64K state times, a hardware 
reset will be initiated. 


The watchdog 
is initialized by the first write of the clear 


WDT code to the WDT register. 
Once the watchdog 
is 
initialized it cannot be disabled by software. On reset the 
watchdog 
is not active. 


The 
8096BH 
has improved 
resistance 
to noise on the 


watchdog 
enable bit. See Chapter 5. 


SELECT 
PWM/SELECT 
P2.S 


EXTERNAL 
INTERRUPT 
- 
ACH7/EXTINT 


TIMER 
1 OVERFLOW 
INTERRUPT 
ENABLE/DISABLE 


TIMER 
2 OVERFLOW 
INTERRUPT 
ENABLE/DISABLE 


HSO.4 OUTPUT 
ENABLE/DISABLE 


SELECT 
TXD/SELECT 
P2.0 


HSO.S OUTPUT 
ENABLE/DISABLE 


HSI INTERRUPT 
- 
FIFO FULLIHOLDING 
REGISTER 
LOADED 


HSO.O CURRENT 
STATE 


HSO.l 
CURRENT 
STATE 


HSO.2 
CURRENT 
STATE 


HSO.3 
CURRENT 
STATE 


HSO.4 
CURRENT 
STATE 


HSO.5 
CURRENT 
STATE 


CAM 
IS FULL 
OR HOLDING 
REGISTER 
IS FULL 


HSO HOLDING 
REGISTER 
IS FULL 


SOFTWARE 
TIMER 
0 EXPIRED 


SOFTWARE 
TIMER 
1 EXPIRED 


SOFTWARE 
TIMER 
2 EXPIRED 


SOFTWARE 
TIMER 
3 EXPIRED 


TIMER 
2 HAS 
OVERFLOW 


TIMER 
1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING 
REGISTER 
DATA AVAILABLE 


The software can be designed so that the watchdog times 
out if the program does not progress properly. The watch- 
dog will also time-out 
if the software error was due to 
ESD (Electrostatic 
Discharge) 
or other hardware 
related 
problems. 
This prevents the controller from having a mal- 
function for longer than 16 mS if a 12 MHz oscillator is 
used. 


The watchdog 
timer is a 16-bit counter 
which is incre- 
mented every state time. When it overflows it pulls down 
the RESET pin for at least two state times, resetting the 
8096 and any other chips connected 
to the reset line. To 
prevent the timer from overflowing 
and resetting the sys- 


tem, it must be cleared periodically. 
Clearing the timer is 


done by writing a "OIEH" 
followed by an "OEm" 
to 
the WDT register at location OOOAH. 


Use of a large reset capacitor 
on the RESET 
pin will 
increase the length of time required for a watchdog 
ini- 
tiated reset. 
This is because 
the capacitor 
will keep the 
RESET pin from responding 
immediately 
to the internal 
pull-ups and pull-downs. 
A large capacitor on the RESET 
pin may also interfere with the reset of other parts con- 
nected to the RESET pin. Under some circumstances, 
it 
may be desirable 
to use an open collector 
circuit. 
See 


section 4.4. 


2.14.1. 
Disabling The Watchdog 
The watchdog 
should be disabled by software not initial- 


izing it. If this is not possible, 
such as during program 


development, 
the watchdog 
can be disabled 
by holding 


the RESET pin at 2.0 to 2.5 volts. Voltages over 2.5 volts 
on the pin could quickly 
damage 
the part. Even at 2.5 


volts, using this technique 
for other than debugging 
pur- 


poses is not recommended, 
as it may effect long term 


reliability. 
It is further recommended 
that any part used 


in this way for more than several seconds, not be used in 
production 
versions of products. 


2.15.1. 
Reset Signal 
As with all processors, 
the 8096 must be reset each time 


the power is turned on. To complete 
a reset, the RESET 


pin must be held active 
(low) for at least 2 state times 


after VCC, 
the oscillator, 
and the back bias generator 


have stabilized 
(-1.0 
milliseconds). 
Then when RESET 


is brought 
high 
again, 
the 8096 executes 
a reset 
se- 
quence 
that takes 
10 state times. 
(It initializes 
some 


registers, 
clears the PSW and jumps to address 2080H.) 


The reset sequence 
on the 8096BH is slightly different, 


see Chapter 
5. 


The 8096 can be reset using a capacitor, 
I-shot, 
or any 


other method capable of providing 
a pulse of at least 2 


state times longer than required for VCC and the oscillator 
to stabilize. 


For best functionality, 
it is suggested that the reset pin be 
pulled low with an open collector 
device. 
In this way, 


several reset sources can be wire ored together. 
Remem- 


ber, the RESET pin itself can be a reset source (see section 
2.14). 
Details of hardware 
suggestions 
for reset can be 
found in section 4.4. 


2.15.2. 
Reset Status 


The 110 lines and control lines of the 8096 will be in their 
reset state within 2 state times after reset is low, with VCC 
and the oscillator 
stabilized. 
Prior to that time, the status 


of the 1/0 lines is indeterminate. 
After the 10 state time 


reset sequence, 
the Special Function Registers will be set 


as follows: 


Register 
reset value 


Port 1 
111111118 
Port 2 
110XXXX18 
Port 3 
111111118 
Port 4 
111111118 
PWM Control 
OOH 
Serial Port (Transmit) 
undefined 
Serial Port (Receive) 
undefined 
8aud Rate Register 
undefined 
Serial Port Control 
XXXXOXXX8 
Serial Port Status 
XOOXXXXX8 
AID Command 
undefined 
AID Result 
undefined 
Interrupt Pending 
undefined 
Interrupt Mask 
000000008 
Timer 1 
OOOOH 
Timer 2 
OOOOH 
Watchdog' Timer 
OOOOH 
HSI Mode 
111111118 
HSI Status 
undefined 
10SO 
000000008 
IOS1 
000000008 
lOCO 
XOXOXOX08 
IOC1 
XOXOXXX18 
HSI FIFO 
empty 
HSO CAM 
empty 


HSO lines 
0000008 
PSW 
OOOOH 
Stack Pointer 
undefined 
Program Counter 
2080H 


Pin 
reset value 


RD 
high 
WR 
high 
ALE 
low 
8HE 
low 
INST 
high 


It is important to note that the Stack Pointer and Interrupt 
Pending Register are undefined, and need to be initialized 
in software. The Interrupts are disabled by both the mask 
register and PSW.9 after a reset. 


2.15.3. 
Reset Sync Mode 
The RESET line can be used to start the 8096 at an exact 
state time to provide for synchronization 
of test equipment 


and multiple chip systems. RESET is active low. To syn- 
chronize parts, RESET is brought high on the rising edge 
of XTALI. 
Complete 
details on synchronizing 
parts can 
be found in section 4.1.5. 


It is very possible that parts which start in sync may not 
stay that way. The best example of this would be when 
a "jump 
on 110 bit" 
is being used to hold the processor 
in a loop. If the line changes during the time it is beini! 
tested, one processor may see it as a one, while the other 
sees it as a zero. The result is that one processor will do 
an extra loop, thus pUlling it several states out of sync 
with the other. 


On the 48-pin part the following pins are not bonded out: 
Port I , PortO (Analog In) bits 0-3, T2CLK (P2.3), T2RST 
(P2.4), P2.6, P2.7, CLKOUT, 
INST, NMI, TEST (BUS- 
WIDTH on 8096BH). 


See the 8096BH 
data sheet for pin descriptions 
of that 
series of parts. 


VCC 
Main supply voltage (5V). 


VSS 
Digital circuit ground (OV).There are two VSS pins, both 
must be tied to ground. 


VPD 
RAM standby supply voltage (5V). This voltage must be 
present during normal operation. 
See section 2.4.2 and 4. 


VREF 
Reference voltage and power supply for the analog portion 
of the AID converter. 
Nominally 
at 5 volts. See section 
2.9.1 and 4. 


ANGND 
Reference 
ground for the AID converter. 
Should be held 


at nominally the same potential as VSS. See section 2.9.1 
and 4. 


VBB 
Substrate 
voltage from the on-chip back-bias 
generator. 


This pin should be connected 
to ANGND through a 0.01 
J.Lfcapacitor 
(and not connected 
to anything else). The 


capacitor is not required if the AID converter is not being 
used and the pin should be left floating. 


XTAL1 
Input of the oscillator 
inverter and input to the internal 
clock generator. 
See sections 2.2 and 4. 


A .I'L" 
OUtput of the oscillator 
inverter. 
See section 2.2. 


CLKOUT 
Output of the internal clock generator. 
The frequency of 
CLKOUT is '/3 the oscillator frequency. 
It has a 33% duty 


cycle. 
CLKOUT 
can drive one TTL input. See section 


2.2. 


RESET 
Reset input to the chip, also output to other circuits. Input 
low for at least 2 state times to reset the chip. RESET has 
a strong internal pullup. See section 2.15 and 4.1. 


TEST 
Input low enables 
a factory test mode. The user should 


tie this pin to VCC for normal operation. 


NMI 
A low to high transition causes a vector to external mem- 
ory location OOOOH.Reserved 
for use in Intel Develop- 
ment systems. 


INST 
Output high while the address is valid during an external 
read indicates the read is an instruction fetch. See section 
2.3.6 and 4.6. 


EA 
Input for memory select (External Access). EA = I causes 
memory accesses to locations 
2000H through 3FFFH to 
be directed to on-chip ROM. EA = 0 causes accesses to 
these locations to be directed to off-chip memory. EA has 
an internal pulldown, 
so it goes to 0 unless driven to I. 
See section 2.3.3. 


ALE 
Address Latch Enable output. ALE is activated only dur- 
ing external memory accesses. 
It is used to latch the ad- 
dress from the multiplexed 
address/data 
bus. See section 


2.3.5 and 4.6. 


RD 
Read signal output to external memory. 
RD is activated 
only during external memory reads. See section 2.3.5 and 
4.6. 


WR 
Write signal output to external memory. 
WR is activated 


only during external 
memory 
writes. 
See section 2.3.6 


and 4.6. 


BHE 
Bus High Enable signal output to external memory. BHE 
(0/1) selects/deselects 
the bank of memory 
that is con- 


nected to the high byte of the data bus. See section 2.3.5 
and 4.6. 


READY 
The READY input is used to lengthen external memory 
bus cycles up to the time specified in the data sheet. It 
has a weak internal pullup. See section 2.3.6 and 4.6. 


HSI 
High impedance 
inputs to HSI Unit. Four HSI pins are 


available: HSI.O, HSLl, 
HSI.2, and HSI.3. Two of them 


(HSI.2 
and HSI.3) 
are shared with the HSO Unit. See 


section 2.7. 


HSO 
Outputs 
from HSO Unit. 
Six HSO pins are available: 


HSO.O, 
HSO.I, 
HSO.2, 
HSO.3, 
HSO.4, 
and HSO.5. 


Two of them (HSO.4 and HSO. 5) are shared with the HSI 
Unit. All HSO pins are capable of driving one TTL input. 
See section 2.8. 


PORT O/ANALOG CHANNEL 
High impedance 
input-only 
port. These pins can be used 


as digital inputs and/or as analog inputs to the on-chip 
NO converter. 
See sections 2.9 and 2.12.1. 


PORT 1 
Quasi-bidirectional 
I/O port. All pins of PI are capable 


of driving one LS TTL input. See section 2.12.2. 


PORT 2 
Multi-functional 
port. Six of its pins are shared with other 


functions 
in the 8096, as shown below. 


Port 
Function 
Alternate 
Function 
Reference 


section 


P2.0 
output 
TXD (serial port transmit) 
2.11.3 


P2.1 
input 
RXD (serial port receive) 
2.11.3 


P2.2 
input 
EXTINT (external interrupt) 
2.5 


P2.3 
input 
TICLK 
(Timer 2 input) 
2.6.2 


P2.4 
input 
TIRST 
(Timer 2 reset) 
2.6.2 


P2.5 
output 
PWM (pulse-width 
modulator) 
2.10 


P2.6 
quasi-bidirectional 
P2.7 
quasi-bidirectional 


The multi-functional 
inputs are high impedance. 
See sec- 
tion 2.12.3. 


PORTS 3 AND 4 / AD 0-15 
These pins are shared between two 8-bit I/O ports and the 
multiplexed 
address/data 
bus. They are open drain except 


when being used as system bus pins. See section 2.3.5. 


The following is a list of pins in alphabetical order. Where 
a pin has two names it has been listed under both names, 
except for the system bus pins, ADO-AD 15, which are 
listed under Port 3 and Port 4. 


58-Pin 
58-Pin 
48-Pln 
Name 
PLCC 
PGA 
DIP 


ACHO/PO.O 
6 
4 
- 
ACHlIPO.I 
5 
5 
- 
ACH2IPO.2 
7 
3 
- 
ACH3/PO.3 
4 
6 
- 
ACH4/POA 
II 
67 
43 
ACH5/PO.5 
10 
68 
42 
ACH6/PO.6 
8 
2 
40 
ACH7/PO.7 
9 
I 
41 
ALE 
62 
16 
34 
ANGND 
12 
66 
44 
BHE 
41 
37 
15 
CLKOUT 
65 
13 
- 
EA 
2 
8 
39 
EXTINT/P2.2 
15 
63 
47 
HSLO 
24 
54 
3 
HSLI 
25 
53 
4 
HSL2/HSOA 
26 
52 
5 
HSI.3/HSO.5 
27 
51 
6 
HSO.O 
28 
50 
7 
HSO.l 
29 
49 
8 
HSO.2 
34 
44 
9 
HSO.3 
35 
43 
10 
HSOAIHSL2 
26 
52 
5 
HSO.5/HSI.3 
27 
51 
6 
INST 
63 
15 
- 
NMI 
3 
7 
- 
PWMlP2.5 
39 
39 
13 
PO.O/ACHO 
6 
4 
- 
PO.lIACHI 
5 
5 
- 
PO.2/ACH2 
7 
3 
- 
PO.3/ACH3 
4 
6 
- 
POAIACH4 
II 
67 
43 
PO.5IACH5 
10 
68 
42 
PO.6/ACH6 
8 
2 
40 
PO.7/ACH7 
9 
1 
41 
PI.O 
19 
59 
- 


58-Pin 
58·Pln 
48·Pln 
Name 
PLCC 
PGA 
DIP 


Pl.1 
20 
58 
- 
P1.2 
21 
57 
- 
P1.3 
22 
56 
- 
PIA 
23 
55 
- 


P1.5 
30 
48 
- 
P1.6 
31 
47 
- 
P1.7 
32 
46 
- 
P2.0ITXD 
18 
60 
2 


P2.lIRXD 
17 
61 
I 
P2.2/EXTINT 
15 
63 
47 
P2.31T2CLK 
44 
34 
- 


P2AIT2RST 
42 
36 
- 
P2.5/PWM 
39 
39 
13 
P2.6 
33 
45 
- 
P2.7 
38 
40 
- 
P3.0/ADO 
60 
18 
32 
P3.lIADI 
59 
19 
31 
P3.2/AD2 
58 
20 
30 
P3.3/AD3 
57 
21 
29 
P3AIAD4 
56 
22 
28 
P3.51AD5 
55 
23 
27 
P3.6/AD6 
54 
24 
26 
P3.7/AD7 
53 
25 
25 
P4.0/AD8 
52 
26 
24 
P4.lIAD9 
51 
27 
23 
P4.2/ADI0 
50 
28 
22 
P4.3/ADll 
49 
29 
21 
P4AIADI2 
48 
30 
20 
P4.5IAD13 
47 
31 
19 
P4.6/AD14 
46 
32 
18 
P4.7/AD15 
45 
33 
17 
RD 
61 
17 
33 
READY 
43 
35 
16 
RESET 
16 
62 
48 
RXD/P2.1 
17 
61 
1 
TEST 
64 
14 
- 


TXD/P2.0 
18 
60 
2 
T2CLKlP2.3 
44 
34 
- 
T2RST/P2A 
42 
36 
- 
VBB 
37 
41 
12 
VCC 
I 
9 
38 
VPD 
14 
64 
46 
VREF 
13 
65 
45 
VSS 
68 
10 
II 
VSS 
36 
42 
37 
WR 
40 
38 
14 
XTALI 
67 
II 
36 
XTAL2 
66 
12 
35 


The Following pins are not bonded out in the 48-pin pack- 
age: 


PI.O through Pl.7, 
PO.O through PO.3, P2.3, P2A, P2.6, 
P2.7 
CLKOUT, 
INST, 
NMI, 
TEST, 
T2CLK(P2.3), 
T2RST(P2A). 


package 
is mounted 
upside-down 
relative 
to the other 


packages, 
so the pin functions 
run clockwise 
instead of 


counter-clockwise. 
This was done to provide better ther- 


mal transfer properties in the PGA. Because of this mirror 
imaging, 
a PGA mounted on the bottom of the board can 


be used to prototype 
a PLCC design. 


Figures 2-32, 2-33, and 2-34 show the pin placements for 
the three packages. 
The mapping of pin numbers to func- 
tionality is different for each part so that the pin numbers 
can conform 
to JEDEC 
standards. 
The die in the PGA 


RXD/P21 
1 
48 
RESET 
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TXO/P20 
2 
47 
EXTlNT P2 2 
HSIO 
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46 
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Figure 2-32. 48-Pin Package 


Figure 2-33. Pin Grid Array 
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CHAPTER 3 
MCS®-96 SOFTWARE DESIGN INFORMATION 


This section 
provides 
information 
which will primarily 
interest those who must write programs to execute in the 
8096. Several other sources of information 
are currently 
available which will also be of interest: 


MCS"'·% MACRO ASSEMBLER USER'S GUIDE 
Order Number 
122048-001 


MCS·96 UTILITIES USER'S GUIDE 
Order Number 
122049-001 


MCS-% MACRO ASSEMBLER AND UTILITIES 
POCKET REFERENCE 
Order Number 
122050-001 


Throughout 
this chapter short segments of code are used 
to illustrate the operation of the device. For these sections 
it has been assumed that a set of temporary registers have 
been predeclared. 
The names of these registers have been 
chosen as follows: 


AX, BX, CX, and DX are 16 bit registers. 


AL is the low byte of AX, AH is the high byte. 


BL is the low byte of BX 


CL is the low byte of CX 


DL is the low byte of DX 


These 
are the same as the names 
for the general 
data 
registers used in 8086. It is important 
to note, however, 
that in the 8096, 
these are not dedicated 
registers 
but 
merely the symbolic names assigned by the programmer 
to an eight byte region within onboard register file. 


The MCS"'-96 architecture 
provides support for a variety 
of data types which are likely to be useful in a control 
application. 
In the discussion 
of these operand types that 
follows, the names adopted by the PLM-96 programming 
language 
will be used where appropriate. 
To avoid con- 
fusion the name of an operand type will be capitalized. 
A "BYTE" 
is an unsigned 
eight bit variable; a "byte" 
is an eight bit unit of data of any type. 


3.1.1. 
Bytes 
BYTES 
are unsigned 
8-bit variables 
which can take on 
the values between 0 and 255. Arithmetic 
and relational 
operators can be applied to BYTE operands but the result 
must be interpreted 
in modulo 
256 arithmetic. 
Logical 
operations 
on BYTES 
are applied 
bitwise. 
Bits within 
BYTES 
are labeled from 0 to 7 with 0 being the least 
significant 
bit. There 
are no alignment 
restrictions 
for 
BYTES so they may be placed anywhere in the MCS-96 
address space. 


3.1.2. Words 
WORDS are unsigned 
16-bit variables which can take on 
the values between 0 and 65535. Arithmetic and relational 


operators can be applied to WORD operands but the result 
must be interpreted 
modulo 65536. Logical operations on 
WORDS are applied bitwise. Bits within words are labeled 
from 0 to 15 with 0 being the least significant bit. WORDS 
must be aligned at even byte boundaries 
in the MCS-96 
address space. The least significant byte of the WORD is 
in the even byte address and the most significant byte is 
in the next higher (odd) address. 
The address of a word 
is the address of its least significant byte. Word operations 
to odd addresses 
are not guaranteed 
to operate in a con- 
sistent manner. 


3.1.3. Short-Integers 
SHORT-INTEGERS 
are 8-bit signed variables which can 
take on the values between 
-128 
and + 127. Arithmetic 
operations 
which generate results outside of the range of 
a SHORT-INTEGER 
will set the overflow indicators 
in 
the program 
status word. 
The actual numeric 
result re- 
turned will be the same as the equivalent 
operation 
on 
BYTE variables. 
There are no alignment 
restrictions 
on 
SHORT-INTEGERS 
so they may be placed anywhere in 
the MCS-96 address space. 


3.1.4. Integers 
INTEGERS 
are 16-bit signed variables which can take on 
the values between 
- 32,768 and 32,767. 
Arithmetic 
op- 
erations which generate results outside of the range of an 
INTEGER will set the overflow indicators in the program 
status word. The actual numeric 
result returned 
will be 
the same as the equivalent operation on WORD variables. 
INTEGERS 
conform to the same alignment and address- 
ing rules as do WORDS. 


3.1.5. 
Bits 
BITS are single-bit operands which can take on the Boo- 
lean values of true and false. 
In addition 
to the normal 
support for bits as components 
of BYTE and WORD op- 
erands, the 8096 provides for the direct testing of any bit 
in the internal register file. The MCS-96 
architecture 
re- 
quires that bits be addressed 
as components 
of BYTES 
or WORDS, 
it does not support the direct addressing 
of 
bits that can occur in the MCS-51 architecture. 


3.1.6. 
Double-Words 


DOUBLE-WORDS 
are unsigned 
32-bit variables 
which 
can take on the values between 0 and 4,294,967,295. 
The 
MCS-96 architecture 
provides 
direct support for this op- 
erand type only for shifts and as the dividend in a 32 by 
16 divide and the product 
of a 16 by 16 multiply. 
For 
these operations a DOUBLE-WORD 
variable must reside 
in the on-board 
register 
file of the 8096 and be aligned 
at an address which is evenly divisible by 4. A DOUBLE- 
WORD operand 
is addressed 
by the address of its least 
significant byte. DOUBLE-WORD 
operations 
which are 
not directly supported can be easily implemented 
with two 
WORD operations. 
For consistency 
with INTEL provided 
software 
the user should adopt the conventions 
for ad- 
dressing DOUBLE-WORD 
operands which are discussed 
in section 3.5. 


3.1.7. 
Long-Integers 
LONG-INTEGERS 
are 32-bit signed variables which can 
take 
on 
the 
values 
between 
- 2,147,483,648 
and 
2,147,483,647. 
The MCS-96 architecture 
provides direct 
support for this data type only for shifts and as the dividend 
in a 32 by 16 divide and the product of a 16 by 16 multiply. 


LONG-INTEGERS 
can also be normalized. 
For these 
operations a LONG-INTEGER 
variable must reside in the 
onboard 
register 
file of the 8096 and be aligned 
at an 


Operands 
are accessed 
within 
the address 
space of the 
8096 with one of six basic addressing 
modes. 
Some of 
the details of how these addressing modes work are hidden 
by the assembly 
language. 
If the programmer 
is to take 
full advantage of the architecture, 
it is important that these 
detal:s be understood. 
This section will describe the ad- 
dressing modes as they are handled by the hardware. 
At 
the end of this section the addressing 
modes will be de- 


3.2.1. 
Register-direct 
References 
The register-direct 
mode is used to directly access a reg- 
ister from the 256 byte on-board register file. The register 
is selected 
by an 8-bit field within the instruction 
and 


address which is evenly divisible by 4. A LONG-INTEGER 
is addressed 
by the address of its least significant 
byte. 


LONG-INTEGER 
operations 
which are not directly sup- 
ported can be easily 
implemented 
with two INTEGER 
operations. 
For consistency 
with Intel provided software, 


the user 
should 
adopt 
the conventions 
for addressing 


LONG operands which are discussed 
in section 3.5. 


scribed as they are seen through the assembly 
language. 


The six basic addressing 
modes which will be described 
are termed register-direct, 
indirect, 
indirect with auto-in- 
crement, 
immediate, 
short-indexed, 
and long-indexed. 
Several other useful addressing operations can be achieved 
by combining these basic addressing 
modes with specific 
registers such as the ZERO register or the stack pointer. 


register address must conform to the alignment 
rules for 
the operand 
type. 
Depending 
on the instruction, 
up to 


three registers can take part in the calculation. 


Examples 
ADD 
MUL 
lNCB 


AX,BX,CX 
AX,BX 
CL 


3.2.2. 
Indirect References 
The indirect mode is used to access an operand by placing 
its address in a WORD variable in the register file. The 
calculated 
address 
must conform 
to the alignment 
rules 


for the operand type. Note that the indirect address can 
refer to an operand anywhere within the address space of 


: AX:=BX+CX 
. AX:=AX*BX 
: CL:=CL+ 
I 


the 8096, including 
the register file. The register which 
contains 
the indirect address 
is selected 
by an eight bit 
field within the instruction. 
An instruction 
can contain 
only one indirect reference 
and the remaining 
operands 


of the instruction (if any) must be register-direct references. 


Examples 
LD 
ADDB 
pop 


AX.[AX] 
; AX: = MEM _ 
WORD(AX) 


AL,BL.[CX] 
: AL: = BL + MEM _ 
BYTE(CX) 


[AX] 
: MEM _ 
WORD(AX) 
: = MEM _ 
WORD(SP): 
SP: = SP + 2 


3.2.3. 
Indirect with Auto-Increment 
References 


This addressing 
mode is the same as the indirect mode 
INTEGERS 
the indirect 
address 
variable 
will be incre- 
except that the WORD variable which contains the indirect 
mented by one, if the instruction operates on WORDS or 
address is incremented 
after it is used to address the op- 
INTEGERS 
the indirect address able will be incremented 
erand. If the instruction operates on BYTES or SHORT- 
by two. 


Examples 
LD 
ADDB 
PUSH 


AX.IBX]+ 
AL.BL.[CX] 
+ 


[AX]+ 


AX: = MEM _ 
WORD(BX); 
BX: = BX + 2 


AL: = AL + BL + MEM _ 
BYTE(CX); 
CX: = CX + I 


SP:=SP-2; 


MEM _ 
WORD(SP): 
= MEM _ 
WORD(AX) 
AX: =AX+2 


3.2.4. 
Immediate 
References 
This addressing 
mode allows an operand to be taken di- 
rectly from a field in the instruction. 
For operations 
on 
BYTE or SHORT-INTEGER 
operands 
this field is eight 
bits wide, for operations 
on WORD or INTEGER 
oper- 


ands the field is 16 bits wide. An instruction can contain 
only one immediate 
reference 
and the remaining 
oper- 
and(s) must be register-direct 
references. 


Examples 
ADD 
PUSH 
D1YB 


AX,#340 
; AX:=AX+340 
# 1234H 
; SP: = SP - 2; MEM _ 
WORD(SP): 
= 1234H 
AX.#lO 
: AL: = AXil 0: AH:=AX 
MOD 10 


3.2.5. 
Short-indexed 
References 
In this addressing mode an eight bit field in the instruction 
selects 
a WORD 
variable 
in the register 
file which 
is 
assumed 
to contain an address. 
A second eight bit field 
in the instruction 
stream is sign-extended 
and summed 
with the WORD variable to form the address of the op- 
erand which will take part in the calculation. 
Since the 


eight bit field is sign-extended 
the effective 
address can 
be up to 128 bytes before the address in the WORD var- 
iable and up to 127 bytes after it. An instruction 
can 
contain only one short-indexed 
reference and the remain- 
ing operand(s) 
must be register-direct 
references. 


Examples 
LD 
AX.12[BXJ 
: AX: = MEM _ 
WORD(BX 
+ 12) 
MULB 
AX.BL.3[CX] 
: AX: = BL *MEM _ 
BYTE(CX + 3) 


3.2.6. 
Long-indexed 
References 
This addressing 
mode is like the short-indexed 
mode ex- 
cept that a /6-bit 
field is taken from the instruction 
and 
added to the WORD variable to form the address of the 


operand. 
No sign extension 
is necessary. 
An instruction 
can contain only one long-indexed 
reference 
and the re- 
maining operand(s) 
must to register-direct 
references. 


Examples 
AND 
AX.BX.TABLE[CX] 
: AX: =BX 
AND MEM _ 
WORD(TABLE+CX) 
ST 
AX.TABLE[BX] 
: MEM _ 
WORD(TABLE 
+ BX) : = AX 
ADDBAL.BL.LOOKUP[CXJ 
': AL:= 
BL+MEM 
_ 
BYTE(LOOKUP+CX) 


3.2.7. 
ZERO Register Addressing 
The first two bytes in the register file are fixed at zero by 
the 8096 hardware. In addition to providing a fixed source 
of the constant zero for calculations 
and comparisons, 
this 
register 
can be used as the WORD 
variable 
in a long- 


indexed reference. 
This combination 
of register selection 
and address mode allows any location in memory 
to be 
addressed directly. 


Examples 
ADD 
AX.1234[OJ 
: AX: =AX+MEM 
_ 
WORD(l234) 
POP 
5678(OJ 
: MEM _ 
WORD(5678): 
= MEM _ 
WORD(SP) 
SP: = SP+ 2 


3.2.8. 
Stack Pointer Register Addressing 
The system stack pointer in the 8096 can be accessed as 
register 
I8H of the internal 
register 
file. In addition 
to 
providing for convenient manipulation of the stack pointer, 
this also facilitates the accessing of operands in the stack. 
The top of the stack, 
for example, 
can be accessed 
by 


Examples 
PUSH 
LD 


using the stack pointer as the WORD variable in an indirect 
reference. 
In a similar fashion, 
the stack pointer can be 
used in the short-indexed 
mode to access data within the 
stack. 


(SPJ 
; DUPLICATE 
TOP _ 
OF _ 
STACK 
AX,2[SP] 
; AX: = NEXT _ 
TO _ 
TOP 


~."'.~. AssemOIY Language Addressing 
Modes 
The 8096 assembly language simplifies the choice of ad- 
dressing modes to be used in several respects: 


Direct 
Addressing.The 
assembly 
language 
will choose 
between register-direct 
addressing 
and long-indexed 
with 
the ZERO register depending 
on where the operand is in 
memory. The user can simply refer to an operand by its 
symbolic 
name; if the operand 
is in the register 
file, a 
register-direct 
reference 
will be used, 
if the operand 
is 
elsewhere 
in memory, 
a long-indexed 
reference 
will be 
generated. 


The program status word (PSW) is a collection of Boolean 
flags which retain information 
concerning 
the state of the 
user's program. The format of the PSW is shown in figure 
3-1. The information in the PSW can be broken down into 


Indexed 
Addressing. 
The assembly language will choose 


between short and long indexing depending on the value 
of the index expression. 
If the value can be expressed in 


eight bits then short indexing will be used, if it cannot be 
expressed 
in eight bits then long indexing will be used. 


The use of these features of the assembly 
language sim- 
plifies the programming 
task and should be used wherever 


possible. 


two basic categories; interrupt control and condition flags. 
The PSW can be saved in the system stack with a single 
operation (PUSHF) and restored in a like manner (POPF). 


3.3.1. 
Interrupt Flags 
The lower eight bits of the PSW are used to individually 
mask the various sources of interrupt to the 8096. A logical 
'I' in these bit positions enables the servicing of the cor- 
responding 
interrupt. 
These mask bits can be accessed as 
an eight bit byte (INT-MASK 
- 
address 8) in the on- 
board register file. Bit 9 in the PSW is the global interrupt 
enable. 
If this bit is cleared 
then all interrupts 
will be 
locked out except for the Non Maskable Interrupt (NMI). 
Note 
that 
the 
various 
interrupts 
are 
collected 
in the 
INT _ PENDING 
register 
even if they are locked out. 


Execution 
of the 
corresponding 
service 
routines 
will 
procede according to their priority when they become en- 
abled. Further information on the interrupt structure of the 
8096 can be found in sections 2.5 and 3.6. 


3.3.2. Condition Flags 
The remaining 
bits in the PSW are set as side effects of 
instruction execution and can be tested by the conditional 
jump instructions. 


Z. The Z (Zero) flag is set to indicate that the operation 
generated 
a result equal to zero. For the add-with-carry 


(ADDC) and subtract-with-borrow 
(SUBC) operations the 
Z flag is cleared if the result is non-zero but is never set. 
These two instructions 
are normally used in conjunction 
with the ADD and SUB instructions 
to perform multiple 
precision arithmetic. 
The operation of the Z flag for these 
instructions 
leaves it indicating 
the proper result for the 
entire multiple precision calculation. 


eration generated 
a negative result. Note that the N flag 


will be set to the algebraically 
correct state even if the 


calculation 
overflows. 


V. The V (oVerflow) 
flag is set to indicate that the op- 


eration generated 
a result which is outside the range that 


can be expressed 
in the destination 
data type. 


VT. The VT (oVerflow Trap) flag is set whenever the V 
flag is set but can only be cleared by an instruction which 
explicitly 
operates 
on it such as the CLRVT or JVT in- 
structions. 
The operation 
of the VT flag allows for the 


testing for a possible overflow condition 
at the end of a 


sequence of related arithmetic operations. This is normally 
more efficient than testing the V flag after each instruction. 


C. The C (Carry) flag is set to indicate the state of the 
arithmetic carry from the most significant bit of the ALU 
for an arithmetic operation or the state of the last bit shifted 
out of the operand for a shift. Arithmetic 
Borrow after a 


subtract operation is the complement 
of the C flag (i.e. if 


the operation 
generated 
a borrow then C=O). 


ST. The ST (STicky bit) set to indicate that during a right 
shift a 1 has been shifted first into the C flag and then 
been shifted out. The ST flag is undefined after a multiply 
operation. 
The ST flag can be used along with the C flag 


to control rounding after a right shift. Consider multiply- 
ing two eight bit quantities 
and then scaling the result 


down to 12 bits: 


; AX:=CL*DL 
; Shift right 4 places 


If the C flag is set after the shift it indicates that the bits 
shifted off the end of operand were greater-than 
or equal- 
to one half the least significant bit (LSB) of the result. If 
the C flag is clear after the shift it indicates that the bits 
shifted off the end of the operand were less than half the 
LSB of the result. 
Without 
the ST flag, the rounding 
decision 
must be made on the basis of this information 


alone. 
(Normally 
the result would be rounded up if the 
C flag is set.) The ST flag allows a finer resolution in the 
rounding decision: 


CST 
Value of the bits shifted off 


00 
Value = 0 
o I 
o < Value < '/2 LSB 


I 0 
Value = Y2 LSB 


I I 
Value > Y2 LSB 


Imprecise 
rounding 
can be a major source of error in a 


numerical 
calculation; 
use of the ST flag improves 
the 


options available to the programmer. 


The MCS-96 instruction set contains a full set of arithmetic 
and logical operations 
for the 8-bit data types BYTE and 
SHORT INTEGER 
and for the I6-bit data types WORD 


and INTEGER. 
The DOUBLE-WORD 
and LONG data 


types (32 bits) are supported for the products of 16 by 16 
multiplies and the dividends 
of 32 by 16 divides and for 


shift operations. 
The remaining 
operations 
on 32 bit var- 


iables can be implemented 
by combinations 
of 16 bit op- 


erations. 
As an example the sequence: 


AX,ex 
BX,OX 


AX,ex 
BX,OX 


performs 
a 32 bit subtraction. 
Operations 
on REAL (Le. 


floating point) variables are not supported directly by the 
hardware 
but are supported 
by the floating point library 


for the 8096 (FPAL-96) 
which implements 
a single pre- 


cision subset of the proposed IEEE standard for floating 
point operations. 
The performance 
of this software is sig- 
nificantly 
improved 
by the 
8096 
NORML 
instruction 
which normalizes 
a 32-bit variable and by the existence 
of the ST flag in the PSW. 


In addition 
to the operations 
on the various data types, 


the 8096 
supports 
conversions 
between 
these 
types. 


LDBZE (load byte zero extended) converts a BYTE to a 
WORD and LDBSE (load byte sign extended) converts a 
SHORT-INTEGER 
into an INTEGER. 
WORDS can be 
converted 
to DOUBLE-WORDS 
by simply clearing the 
upper WORD 
of the DOUBLE-WORD 
(CLR) and IN- 
TEGERS can be converted to LONGS with the EXT (sign 
extend) instruction. 


The MCS-96 
instructions 
for addition, 
subtraction, 
and 


comparison 
do not distinguish 
between 
unsigned 
words 
and signed integers. 
Conditional 
jumps 
are provided 
to 
allow the user to treat the results of these operations 
as 
either signed or unsigned quantities. 
As an example, 
the 
CMPB (compare byte) instruction is used to compare both 
signed and unsigned 
eight bit quantities. 
A JH (jump if 
higher) could be used following the compare if unsigned 
operands 
were involved or a JGT (jump if greater-than) 
if signed operands were involved. 


Tables 3-1 and 3-2 summarize 
the operation 
of each of 
the instructions 
and Tables 3-3 and 3-4 give the opcode, 


byte count, and timing information for each of the instruc- 
tions. Figure 3-3 is a quick reference guide for program- 
ming the 8096. 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+- 
D+A 
~ 
~ 
~ 
~ 
t 
- 


ADD/AD 
DB 
3 
D +- 
B+A 
~ 
~ 
~ 
~ 
t 
- 


ADDC/ADDCB 
2 
D +- 
D+A+C 
.L 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
2 
D +- 
D-A 
~ 
~ 
~ 
~ 
t 
- 


SUB/SUBB 
3 
D +- 
B-A 
~ 
~ 
~ 
~ 
t 
- 


SUBC/SUBCB 
2 
D +- 
D-A+C-1 
.L 
~ 
~ 
~ 
t 
- 


CMP/CMPB 
2 
D-A 
~ 
~ 
~ 
~ 
t 
- 


MULIMULU 
2 
D, D + 2 +- 
D'A 
- 
- - - - 
? 
2 


MULIMULU 
3 
D, D + 2 +- 
B'A 
- 
- 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
D,D 
+ 
1 +- 
D'A 
- 
- 
- 
- 
- 
? 
3 


MULB/MULUB 
3 
D,D 
+ 
1 +- 
B'A 
- 
- 
- - 
- 
? 
3 


DIVU 
2 
D +- 
(D, D + 2)/ A, D + 2 
+- 
remainder 
- 
- - 
~ 
t 
- 
2 


DIVUB 
2 
D +- 
(D,D+ 
1)/A,D+ 
1 
+- 
remainder 
- 
- - 
~ 
t 
- 
3 


DIV 
2 
D +- 
(D, D + 2)/ A, D + 2 
+- 
remainder 
- 
- - 
? 
i 
- 


DIVB 
2 
D +- 
(D,D+ 
1)/A,D+ 
1 
+- 
remainder 
- 
- - 
? 
i 
- 


AND/ANDB 
2 
D +- 
D and A 
~ 
~ 
0 
0 
- 
- 


AND/ANDB 
3 
D +- 
B and A 
~ 
~ 
0 
0 
- 
- 


OR/ORB 
2 
D +- 
DorA 
~ 
~ 
0 
0 
- 
- 


XOR/XORB 
2 
D +- 
D (excl. or) A 
~ 
~ 
0 
0 
- 
- 


LD/LDB 
2 
D +- 
A 
- 
- - - 
- 
- 


ST/STB 
2 
A 
+- 
D 
- 
- - - 
- 
- 


LDBSE 
2 
D +- 
A;D 
+ 
1 +- 
SIGN(A) 
- 
- - - 
- 
- 
3,4 


LDBZE 
2 
D +- 
A; D + 
1 +- 
0 
- 
- - - 
- 
- 
3,4 


PUSH 
1 
SP 
+- 
SP - 
2; (SP) 
+- 
A 
- 
- - - 
- 
- 


POP 
1 
A +- 
(SP); SP 
+- 
SP + 2 
- 
- - - 
- 
- 


PUSHF 
0 
SP 
+- 
SP - 
2; (SP) 
+- 
PSW; 
0 
0 
0 
0 
0 
0 


PSW 
+- 
OOOOH 
I+-O 


POPF 
0 
PSW 
+- 
(SP); SP 
+- 
SP + 2; 
I +- 
~ 
~ 
~ 
~ 
~ 
"" 
~ 


SJMP 
1 
PC 
+- 
PC + 
11-bit offset 
- 
- - - 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 
16-bit offset 
- 
- - - 
- 
- 
5 


BR [indirect] 
1 
PC 
+- 
(A) 
- 
- - - 
- 
- 


SCALL 
1 
SP 
+- 
SP - 
2; (SP) 
+- 
PC; 
- 
- - - 
- 
- 
5 


PC +- 
PC + 
11-bit offset 


LCALL 
1 
SP +- 
SP - 
2; (SP) 
+- 
PC; 
- 
- 
- - 
- 
- 
5 


PC +- 
PC + 
16-bit offset 


RET 
0 
PC +- 
(SP); SP 
+- 
SP + 2 
- 
- 
- 
- 
- 
- 


J (conditional) 
1 
PC +- 
PC + 8-bit offset (if taken) 
- 
- - 
- 
- 
- 
5 


JC 
1 
Jump ifC 
= 1 
- 
- 
- - 
- 
- 
5 


JNC 
1 
Jump ifC 
= 0 
- 
- - 
- 
- 
- 
5 


JE 
1 
Jump if Z = 1 
- 
- - 
- 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", 
a byte operation 
is performed, otherwise a word operation is done. Operands 
D, B, and A 


must conform 
to the alignment 
rules for the required operand 
type. D and B are locations 
in the register file; A can be 


located anywhere in memory. 
2. D, D + 2 are consecutive 
WORDS in memory; D is DOUBLE-WORD aligned. 


3. D, D + 
1 are consecutive 
BYTES in memory; D is WORD aligned. 


4. Changes a byte to a word. 
5. Offset is a 2's complement 
number. 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
. 
1 
Jump 
if Z = 0 
- 
- 
- - - 
- 
- 
5 


JGE 
1 
Jump 
if N = 0 
- - 
- 
- 
- 
- 
5 


JLT 
1 
Jump 
if N = 1 
- - - - - 
- 
5 


JGT 
1 
Jump 
if N = 0 and Z = 0 
- - - - 
- 
- 
5 


JLE 
1 
Jump 
if N = 1 or Z = 1 
. 
- - - - - 
- 
5 


JH 
1 
Jump 
if C = 1 and Z = 0 
- 
- 
- - - - 
5 


JNH 
1 
Jump 
if C = 0 or Z = 1 
- 
- - 
- 
- 
- 
5 


JV 
1 
Jump 
if V = 1 
- 
- - - 
- 
- 
5 


JNV 


, 


1 
Jump 
if V = 0 
- - 
- 
- 
- 
- 
5 


JVT 
1 
Jump 
if VT = 1; Clear VT , 
- - - - 
0 
- 
5 


JNVT 
1 
Jump 
if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
Jump 
if ST = 1 
- - - - 
- 
- 
5 


JNST 
1 
Jump 
if ST = 0 
- - - - - - 
5 


JBS 
I 
3 
Jump if Specified 
Bit = 1 
- - - 
- 
- 
- 
5,6 


JBC 


I 
3 
Jump 
if Specified 
Bit = 0 
- - - 
- 
- 
- 
5,6 


OJNZ 


I 
1 
o - 
0 - 
1; if 0 "" 0 then 
PC 
- 
PC + a-bit offset 
- - - - 
- 
- 
5 


OEC/OECB 
1 
0 - 
0-1 
•.. 
•.. 
•.. 
•.. i 
- 


NEGINEGB 
1 
'0 - 
0-0 
•.. 
•.. 
•.. 
•.. i 
- 


INC/INCB 
1 
0 - 
0+1 
•.. 
•.. 
•.. 
•.. i 
- 


EXT 
1 
0 - 
0; 0 + 2 
- 
Sign (D) 
•.. 
•.. 
0 
0 
- 
- 
2 


EXTB 
1 
0 - 
0;0 
+ 
1 - 
Sign(O) 
•.. 
•.. 
0 
0 
- 
- 
3 


NOT/NOTB 
1 
0 - 
Logical 
Not (D) 
•.. 
•.. 
0 
0 
- 
- 


CLR/CLRB 
1 
0 - 
0 
1 
0 
0 
0 
- 
- 


SHlISHLB/SHLL 
2 
C- 
msb-----Isb 
- 
0 
•.. 
? 
•.. 
•.. i - 
7 


SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
•.. 
? 
•.. 
0 
- 
•.. 
7 


SHRA/SHRAB/SHRAL 
2 
msb 
-+ 
msb-----Isb 
-+ 
C 
•.. 
•.. 
•.. 
0 
- 
•.. 
7 


SETC 
0 
C-1 
- - 
1 - 
- 
- 


CLRC 
0 
C-O 
- - 
0 
- 
- 
- 


CLRVT 
0 
VT 
- 
0 
. 
- - - - 
0 
- 


RST 
0 
PC 
- 
20aOH 
0 
0 
0 
0 
0 
0 
a 


01 
0 
Disable 
All Interrupts 
(I - 
0) 
- - - - 
- 
- 


EI 
0 
Enable 
All Interrupts 
(I - 
1) 
- - - - 
- 
- 


NOP 
. 
0 
PC-PC+1 
- - - - 
- 
- 


SKIP 
0 
PC-PC+2 
- 
- - - - 
- 


NORML 
2 
Left shift till msb = 1; 0 
- 
shift count 
•.. 
? 
0 - 
- 
- 
7 


TRAP 
0 
SP 
- 
SP - 
2; (SP) 
- 
PC 
PC 
- 
(2010H) 
- 
- - - 
- 
- 
9 


NOTES: 
1, If the mnemonic 
ends in "B", 
a byte operation 
is performed, 
otherwise 
a word operation 
is done, Operands 
0, B and A 
must conform 
to the alignment 
rules for the required 
operand 
type. q and B are locations 
in the register 
file; A can be 


located 
anywhere 
In memory. 
5. Offset 
is a 2's complement 
number. 
6. Specified 
bit is one of the 2048 bits in the register file. 
7. The "L" 
(Long) suffix indicates 
double-word 
operation. 
8. Initiates 
a Reset 
by pulling 
RESET 
low. Software 
should 
re-initialize 
all the 
necessary 
registers 
with 
code 
starting 
at 
2080H. 
9. The assembler 
will not accept 
this mnemonic. 


INDIRECT@ 
INDEXED@ 


DIRECT 
IMMEDIATE 
NORMAL 
AUTO·INC. 
SHORT 
LONG 


to) 
CIl 
Z 
Q 
W 
0 
Z 
W 
W 
W 
8C1l 
8C1l 
8C1l 
8C1l 
c( 
Q 
CIl 
Q 
CIl 
WCIl 
Q 
CIl 
CIl 
Q 
CIl 
CIl 
:E 
0 
WCIl 
0 
0 
Ww 
Ww 
0 
Ww 
Ww 
a: 
W 
~w 
W 
~w 
W 
~:E 
W 
~:E 
W 
~:E 
W 
~:E 
W 
W 
to) 
~ 
to) 
~ 
to) 
~ 
~ 
to) 
~ 
~ 
Z 
II. 
II. 
I-'~ 
II. 
I-'~ 
II. 
1-'- 
1-'- 
II. 
~i= 
~i= 
:E 
0 
0 
ID 
CIll- 
O 
ID 
CIll- 
O 
ID 
CIlI- 
ID 
CIll- 
O 
ID 
ID 
- 


ARITHMETIC 
INSTRUCTIONS 


AOO 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


AOO 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


AOOB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


ADOB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8/13 
57 
5 
7/12 
6 
8113 


AODC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


AOOCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8/13 
4B 
5 
7/12 
6 
8113 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
60 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
40 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
70 
3 
17 
7E 
3 
19/24 
3 
20125 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
50 
4 
18 
5E 
4 
20/25 
4 
21/26 
5F 
5 
20125 
6 
21/26 


MUL 
2 
® 
4 
29 
® 
5 
30 
® 
4 
31136 
4 
32/37 
® 
5 
31/36 
6 
32/37 


MUL 
3 
® 
5 
30 
® 
6 
31 
® 
5 
32/37 
5 
33/38 
® 
6 
32137 
7 
33/38 


MULB 
2 
® 
4 
21 
® 
4 
21 
® 
4 
23/28 
4 
24/29 
® 
5 
23/28 
6 
24/29 


MULB 
3 
® 
5 
22 
® 
5 
22 
® 
5 
24/29 
5 
25/30 
® 
6 
24/29 
7 
25/30 


DIVU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29/33 


DIVUB 
2 
9C 
3 
17 
90 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21/25 


DIV 
2 
® 
4 
29 
® 
5 
30 
® 
4 
32/36 
4 
33/37 
® 
5 
32/36 
6 
33/37 


DIVB 
2 
® 
4 
21 
® 
4 
21 
<2> 
4 
24/28 
4 
25/29 
® 
5 
24128 
6 
25/29 


Notes: 
@ Long indexed and Indirect + instructions 
have identical opocodes with Short indexed and Indirect modes. respectively. 
The second byte 
of instructions 
using any indirect or indexed addressing 
mode specifies the exact mode used. If the second byte is even, use Indirect 
or Short Indexed. 
If it is odd, use Indirect+or 
Long indexed. 
In all cases the second byte of the instruction 
always specifies an even 
(word) location for the address referenced. 
eD Number of state times shown for internal/external 
operands. 


!%> The opcodes 
for signed multiply and divide are the opcodes 
for the unsigned 
functions with an "FE" 
appended 
as a prefix. 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 


NORMAL 
AUTO-INC. 
SHORT 
LONG 


(J 
(J) 
Z 
Q 
W 
W 
Z 
W 
W 


8(J) 
8(J) 
8(J) 
8(J) 
0 
c( 
Q 
(J) 
Q 
(J) 
W(J) 
Q 
(J) 
(J) 
Q 
(J) 
(J) 
~ 
a: 
0 
W 
W(J) 
0 
W 
0 
W 
Ww 
W 
Ww 
0 
W 
Ww 
W 
Ww 


W 
W 
(J 
~ 
!ii:w 
(J 
~ 


!ii:w 
(J 
~ 
!ii:~ ~ 
!ii:~ 
(J 
~ 
!ii:~ ~ 
!ii:~ 
z 
~ 
~ 
I-'~ 
~ 
I-'~ 
~ 
tii= 
tii= 
~ 
tii= 
1-'- 
~ 
0 
0 
III 
(J)•... 0 
III 
(J)•... 0 
III 
III 
0 
III 
III 
(J)•... 


LOGICAL INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/11 
3 
7/12 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8113 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7/12 
73 
4 
6/11 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8113 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/11 
3 
7/12 
83 
4 
6/11 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6/11 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6/11 
3 
7/12 
87 
4 
6/11 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6/11 
5 
7/12 


DATA TRANSFER 
INSTRUCTIONS 


LD 
2 
AO 
3 
4 
Al 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6/11 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6/11 
3 
7/12 
B3 
4 
6/11 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
-- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
-- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6/11 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6/11 
3 
7/12 
AF 
4 
6/11 
5 
7/12 


STACK OPERATIONS 
(Internal stack) 


PUSH 
1 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11/15 
2 
12/16 
CB 
3 
11/15 
4 
12/16 


POP 
1 
CC 
2 
12 
- 
- 
-- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
1 
8 


POPF 
0 
F3 
1 
9 


STACK OPERATIONS 
(external stack) 


PUSH 
I 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16/20 
CB 
3 
15/19 
4 
16/20 


POP 
I 
CC 
2 
14 
- 
- 
-- 
CE 
2 
16/20 
2 
16/20 
CF 
3 
16/20 
4 
16/20 


PUSHF 
0 
F2 
1 
12 


POPF 
0 
F3 
1 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16® 


SJMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/16® 


BR[ 1 
E3 
2 
8 
RET 
FO 
1 
12/16® 


Notes: 
TRAP® 
F7 
1 


<D Number of state limes shown for tnternal/external 
operands. 


(3) The assembler 
does not accept this mnemonic. 
@ The least significant 3 bits of the opcode are concatenated 
with the following g bits to form an II-bit, 
2's complement, 
offset for the 
relative call or jump. 
~ 
State times for stack located internal/external. 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not. 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
DB 
JE 
DF 
JGE 
D6 
JGT 
D2 


JNC 
D3 
JNE 
D7 
JLT 
DE 
JLE 
DA 


JH 
D9 
JV 
DD 
JVT 
DC 
JST 
D8 


JNH 
DI 
JNV 
D5 
JNVT 
D4 
JNST 
DO 


These instructions 
are 3-byte instructions. 
They require 9 state times if the jump is taken', 5 if it is not. 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 


LOOP CONTROL 


3 BYTES; 
5/9 STATE TIMES (NOT TAKENITAKEN) 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


DEC 
05 
2 
4 
EXT 
06 
2 
4 


DECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
J7 
2 
4 
CLRB 
II 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBL 
WD 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
STATE TIMES 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
OD 
3 
7 + I PER SHIFf(l) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + I PER SHIFf(l) 


SHRA 
OA 
3 
SHRAB 
IA 
3 
SHRAL 
OE 
3 
7 + I PER SHIFf(l) 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 
SETC 
F9 
I 
4 
DI 
FA 
I 
4 


CLRC 
F8 
1 
4 
EI 
FB 
Ir 
4 
CLRVT 
FC 
1 
4 
Nap 
FD 
I 
4 


RST 
FF 
1 
16 
SKIP 
00 
2 
4 


NORMALIZE 


II + I PER SHIff 


Notes: 
<GlThis instruction 
takes 2 states to pull RST low. then holds it low for 2 states to initiate a reset. The reset takes 12 states. at which 


time the program 
restarts at location 2080H. 


cr> Execution 
will take at least 8 states, even for 0 shift. 


2S,. 
" 
22 
1210 
",. 


"18 


17 


" 
1112 


15 


13 


12 
"90 
I. 


'56 
2S5 


, 
I,, 
II, 
I 
IOCO.S 


OFFH 
2S5 


POWER·DOwN 
R'M 


OFOH 
'40 
OEF •.• 
'3. 


INTERNAL 
REGISTER 
FILE 
I.J 


(RAMI 
L. 


STACK POINTER 


10Sl 


'050 


RESERVeD 


SP_STAT 


10 PORT 2 


10 PORT 1 


'0 
PORT 
0 


TIMER2 (HI) 


TlMER2 
(LO) 


TlMER1 (HI) 


TIMER1 (LO) 


'NT 
PENDING 


INT~M"SK 


58UF 
(AX) 


HSI 
STATuS 


H5LTIME 
(HI) 


H5LTlME 
(lO) 


AD 
RESULT 
(I'll) 


AD 
RESULT (LOI 


AO (HI) 


RO (LO) 


STACK POINTER 


PWM 
.CONTRO~ 


IOCl 


lOCO 


RESERVED 


5P_COH 


10 PORT 2 


10 PORT 1 


aAUD 
RATE 


RESERVED 


WATCHDOG 


INT 
PENDING 


INT_MASK 


SBUF mq 


HSO 
COMMAND 


HSO 
TIME (HI' 


HSO TIME (LO) 


HSI MODE 


AD COMMAND 


AO 
(HI) 


RO (LOl 


Alternate 
Port 
Function 
Function 
Controlled by 


PZ.O 
output 
TXD (serial port 
IOC1.5 
transmit) 
n.l 
input 
RXD (serial port 
N/A 
receive) 
n.z· 
input 
EXTINT 
IOCl.I 
(external interrupt) 
PZ.3 
input 
T2CLK (Timer 
lOCO.7 
2 input) 
PZ.4 
input 
T2RST (Timer 
IOCo.5 
2 reset) 
P2.5 
output 
PWM 
IOCl.o 
(pulse-width 
modulation) 
PZ.6 
quasi-bidirectional 
PZ.7 
quasi-bidirectional 


EXTERNAL 
MEMOAY 


OR 
'0 


INTERNAL 
PAOGRA •• 
STORAGE 
ROM 


FACTORY 
TEST CODE 


INTERRUPT 
• 


VECTORS 
• 


PORT. 
PORT 3 


EXTERNAL 
MEMORY 


OR 
'0 
.. 


INTERNAL 
RAM 
REGISTER FilE 
STACK POINTER 
SPECIAL 
FUNCTION REGISTERS 
(WHEN ACCESSED AS 
l>ATA MEMORY) 


Memory Map 


Figure 3-3. Quick Reference 


CHANNEL 
II SELECTS 
WHICH 
OF THE 8 
1---- ANALOG 
INPUT 
CHANNELS 
IS TO BE 
CONVERTED 
TO DIGITAL 
FORM; 
STATUS 
o = AID CURRENTLY 
IDLE 


1 = CONVERSION 
IN PROCESS 
GO INDICATES 
WHEN 
THE CONVERSION 
IS TO BE 


INITIATED 
(GO = 1 MEANS 
START 
NOW, 
GO = 0 


MEANS 
THE CONVERSION 
IS TO BE INITIATED 


BY THE HSO UNIT AT A SPECIFIED 
TIME). 


HSI.O MODE 


HSI.1 MODE 


HSI.2 MODE 


HSI.3 MODE 


HSI.O STATUS 


HSI.1 
STATUS 


HSI.2 STATUS 


HSI.3 
STATUS 


WHERE 
FOR EACH 
2-BIT 
STATUS 
FIELD 
THE LOWER 


BIT INDICATES 
WHETHER 
OR NOT AN EVENT HAS OC- 


CURRED 
ON THIS PIN AND THE UPPER 
BIT INDICATES 


THE CURRENT 
STATUS 
OF THE PIN. 
00 
8 POSITIVE 
TRANSITIONS 
01 
EACH 
POSITIVE 
TRANSITION 


10 
EACH 
NEGATIVE 
TRANSITION 


11 
EVERY 
TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


- 
HSO COMMAND 
(06H) 
0 
W 


CHANNEL: 
().S 
HSO.O - HSO.S 
R 
..!.. 


I 
2 
BIT: 
0 
6 
HSO.O AND 
HSO.l 
T 
7 
HSO.2 
AND 
HSO.3 
3 
1 
E 
8-B 
SOFTWARE 
TIMERS 
2 
E 
RESET 
TIMER 


3 
F 
START 
AID CONVERSION 
R .!. 


E !. 
4 
INTERRUPT/NO 
INTERRUPT 
A 
S 
SET/CLEAR 
D 


.!.... 


6 
TIMER 
2/TIMER 
1 


BIT.1, BIT.O SPECIFY 
THE MODE 
O.O=MODEO 
1.0=MODE2 
0.1 = MODE1 
1.1 = MODE3 


I----PEN 
ENABLETHEPARITYFUNCTION 


I----REN 
ENABLESTHERECEIVEFUNCTION; 


TB8 
PROGRAMSTHE9THDATABIT 


TI 
IS THETRANSMITINTERRUPTFLAG• 


I----RI 
IS THERECEIVEINTERRUPTFLAG; 


1----RB8 
IS THE9THDATABIT RECEIVED 
(IF NOTPARITY); 


RPE IS THEPARITYERRORINDICATOR 
(IF PARITYACTIVE). 


1050 (15H) 
lOCO (15H) 


0 
HSO.O CURRENT 
STATE 
0 
HSI.O INPUT 
ENABLE/DISABLE 


HSO.l 
CURRENT 
STATE 
TIMER 
2 RESET 
EACH 
WRITE 


2 
HSO.2 
CURRENT 
STATE 
2 
HSI.1 INPUT 
ENABLEIOISABLE 


3 
HSO.3 
CURRENT 
STATE 
3 
TIMER 
2 EXTERNAL 
RESET 
ENABLE/DISABLE 
• 
HSO .• CURRENT 
STATE 
• 
HSI.2 
INPUT 
ENABLE/DISABLE 


5 
HSO.5 
CURRENT 
STATE 
5 
TIMER 
2 RESET 
SOURCE 
HSI.OIT2 
RST 


6 
CAM 
OR HOLDING 
REGISTER 
IS FULL 
6 
HSI.3 INPUT 
ENABLE/DISABLE 


HSO HOLDING 
REGISTER 
IS FULL 
7 
TIMER 
2 CLOCK 
SOURCE 
HSI.11T2CLK 


1051 (16H) 
IOC1 (16H) 


0 
SOFTWARE 
TIMER 
0 EXPIRED 
0 
SELECT 
PWMlSELECT 
P2.5 


SOFTWARE 
TIMER 
1 EXPIRED 
EXTERNAL 
INTERRUPT 
ACH7/EXTINT 


2 
SOFTWARE 
TIMER 
2 EXPIRED 
TIMER 
1 OVERFLOW 
INTERRUPT 
ENABLE/DISABLE 


3 
SOFTWARE 
TIMER 
3 EXPIRED 
TIMER 
2 OVERF.LOW 
INTERRUPT 
ENABLE/DISABLE 
• 
TIMER 
2 HAS OVERFLOW 
• 
HSO .• OUTPUT 
ENABLE/DISABLE 


5 
TIMER 
1 HAS OVERFLOW 
5 
SELECT 
TXD/SELECT 
P2.0 


6 
HSI FIFO IS FULL 
6 
HSO.5 
OUTPUT 
ENABLE/DISABLE 


7 
HSI HOLDING 
REGISTER 
DATA AVAILABLE 
7 
HSI INTERRUPT 
FIFO FULU 


HOLDING 
REGISTER 
LOADED 


T211ST ~ 
.-----. 
IOCO.5 
J: 
~".('& 
-T2 
RESET 


"---- 
IOCO.3 
r----- 
IOCO.O 


HSI.O 
"-o~-------HSI 


r------ IOCO.2 
L 


"'-o...,-------HSI 
r---- 
IOCO.7 


HSl.l"J-O 
T1MER2 


T2CLK 
~ 
CLOCK 


.-----. 
lOCO .• 


HSI.2 
~ 
~-------- 
HSI 


.------ 
IOCO.6 


HSI.3 
~ 
"'-o--------HSI 


Using XTAll: 


Mode 0: Baud 
Rate 
XTALI 
frequency 


; B *' 0 
4*(B + I) 


XTAll frequency 


64*(B + I) 


Baud 
Rate 


Using T2CLK: 


Mode 0: Baud 
T2CLK frequency 
*' 0 


Rate 
B: 
B 


Baud 
T2CLK frequency 
-'- 0 


Others: 
Rate 
16*B: 
B f 


Note that B cannot equal 0, except when using 
XTALI 
in other than mode O. 


WHERE: 


Z IS THE ZERO 
FLAG. 
IT IS SET WHEN 
THE RESULT 
OF AN OPERATION 
IS ZERO. 


Register 
reset value 


Port 1 
llllllllB 
Port 2 
110XXXX1B 
Port 3 
llllllllB 
Port 4 
llllllllB 
PWM Control 
OOH 
Serial Port (Transmit) 
undefined 
Serial Port (Receive) 
undefined 
Baud Rate Register 
undefined 
Serial Port Control 
XXXXOXXXB 
Serial Port Status 
XOOXXXXXB 
AID Command 
undefined 
AID Result 
undefined 
Interrupt 
Pending 
undefined 
Interrupt 
Mask 
OOOOOOOOB 
Timer 1 
OOOOH 
Timer 2 
OOOOH 
Watchdog 
Timer 
OOOOH 
HSI Mode 
llllllllB 
HSI Status 
undefined 
10SO 
OOOOOOOOB 
10Sl 
OOOOOOOOB 
lOCO 
XOXOXOXOB 
10Cl 
XOXOXXX1B 
HSI FIFO 
empty 
HSOCAM 
empty 
HSO lines 
OOOOOOB 
PSW 
OOOOH 
Stack Pointer 
undefined 
Program 
Counter 
2080H 


Pin 
reset 
value 


RD 
high 
WR 
high 
ALE 
low 
BHE 
low 
INST 
high 


Vector 
Location 


(High 
(Low 
Source 
Byte) 
Byte) 
Priority 


Software 
2011H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 


Software 
200BH 
200AH 
5 


Timers 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data Avail. 
2005H 
2004H 
2 
AID Conversion 
2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


Figure 3·3. (continued) 
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The Following pins are not bonded out in the 48-pin pack- 
age: 


PI.O through Pl. 7, PO.Othrough PO.3. P2.3, P2.4. P2.6. 
P2.7 
CLKOUT. 
INST, 
NMI, 
TEST. 
T2CLK(P2.3), 


T2RST(P2.4). 


58-Pin 
58·Pln 
48-Pln 
Name 
PLCC 
PGA 
DIP 


ACHO/PO.O 
6 
4 
- 
ACHl/PO.I 
5 
5 
- 
ACH2/PO.2 
7 
3 
- 


ACH3/PO.3 
4 
6 
- 


ACH4/PO.4 
II 
67 
43 
ACH5/PO.5 
'10 
68 
42 
ACH6/PO.6 
8 
2 
40 
ACH7/PO.7 
9 
I 
41 


ALE 
62 
16 
34 


ANGND 
12 
66 
44 
BHE 
41 
37 
15 
CLKOUT 
65 
13 
- 


EA 
2 
8 
39 


EXTINT/P2.2 
13 
63 
47 


HSI.O 
24 
54 
3 


HSI.I 
25 
53 
4 
HSI.2/HSO.4 
26 
52 
5 


HSI.3/HSO.5 
27 
51 
6 
HSO.O 
28 
50 
7 
HSO.I 
29 
49 
8 
HSO.2 
34 
44 
9 
HSO.3 
35 
43 
10 
HSO.4/HSI.2 
26 
52 
5 
HSO.5/HSI.3 
27 
51 
6 
INST 
63 
15 
- 


NMI 
3 
7 
- 
PWMlP2.5 
39 
39 
13 


PO.O/ACHO 
6 
4 
- 


PO.I/ACHI 
5 
5 
- 


PO.2/ACH2 
7 
3 
- 
.' 


PO.3/ACH3 
4 
6 
- 
POA/ACH4 
II 
67 
43 
PO.5/ACH5 
10 
68 
42 
PO.6/ACH6 
8 
2 
40 
PO.7/ACH7 
9 
I 
41 
PI.O 
19 
59 
- 


58-Pin 
58-Pin 
48-Pln 


Name 
PLCC 
PGA 
DIP 


PI.l 
20 
58 
- 
PI.2 
21 
57 
- 


PI.3 
22 
56 
- 


PIA 
23 
55 
- 
P1.5 
30 
48 
- 


PI.6 
31 
47 
- 
P1.7 
32 
46 
- 


P2.0ITXD 
18 
60 
2 


P2.I/RXD 
17 
61 
I 


P2.2/EXTINT 
15 
63 
47 
P2.3IT2CLK 
44 
34 
- 


P2.41T2RST 
42 
36 
- 
P2.5/PWM 
39 
39 
13 


P2.6 
33 
45 
- 


P2.7 
38 
40 
- 


P3.0/ADO 
60 
18 
32 


P3.I/ADI 
59 
19 
31 
P3.2/AD2 
58 
20 
30 


P3.3/AD3 
57 
21 
29 


P3A/AD4 
56 
22 
28 


P3.5/AD5 
55 
23 
27 
P3.6/AD6 
54 
24 
26 


P3.7/AD7 
53 
25 
25 
P4.0/AD8 
52 
26 
24 


P4.I/AD9 
51 
27 
23 
P4.21ADI0 
50 
28 
22 


P4.3/ADII 
49 
29 
21 
P4.4/ADI2 
48 
30 
20 


P4.5/ADI3 
47 
31 
19 


P4.6/ADI4 
. 
46 
32 
18 


.P4.7/ADI5 
45 
33 
17 
RD 
61 
17 
33 


READY 
43 
35 
16 


RESET 
16 
62 
48 


RXD/P2.1 
17 
61 
I 


TEST 
64 
14 
- 


TXD/P2.0 
18 
60 
2 


T2CLKlP2.3 
44 
34 
- 
T2RST/P2.4 
42 
36 
- 


VBB 
37 
41 
12 


VCC 
I 
9 
38 


VPD 
14 
64 
46 


VREF 
13 
65 
45 
VSS 
68 
10 
II 
VSS 
36 
42 
37 
WR 
40 
38 
14 


XTALI 
67 
II 
36 


XTAL2 
66 
12 
35 


3.5. SOFTWARE 
STANDARDS 
AND 
CONVENTIONS 


For a software 
project 
of any size it is a good idea to 
modularize 
the program and to establish standards which 


control the communication 
between these modules. 
The 
nature of these standards will vary with the needs of the 
final application. 
A common 
component 
of all of these 
standards, 
however, 
must be the mechanism 
for passing 
parameters 
to procedures 
and returning results from pro- 


cedures. 
In the absence of some overriding 
consideration 
which prevents 
their use, 
it is suggested 
that the user 
conform to the conventions 
adopted by the PLM-96 pro- 
graming language for procedure linkage. It is a very usable 
standard for both the assembly language and PLM-96 en- 
vironment 
and it offers compatibility 
between 
these en- 


vironments. 
Another advantage 
is that it allows the user 


access to the same floating point arithmetics 
library that 
PLM-96 uses to operate on REAL variables. 


3.5.1. 
Register Utilization 


The MCS-96 architecture provides a 256 byte register file. 
Some of these registers are used to control register-mapped 
I/O devices 
and for other special functions 
such as the 
ZERO register and the stack pointer. The remaining bytes 
in the register 
file, some 230 of them, are available 
for 


allocation by the programmer. 
If these registers are to be 
used effectively 
some overall strategy for their allocation 
must be adopted. PLM-96 adopts the simple and effective 
strategy of allocating 
the eight bytes between 
addresses 
ICH and 23H as temporary 
storage. The starting address 
of this region is called PLMREG. 
The remaining 
area in 
the register file is treated as a segment of memory which 
is allocated as required. 


3.5.2. 
Addressing 
32-bit Operands 


These operands are formed from two adjacent 16-bit words 
in memory. The least significant word of the double word 
is always in lower address, 
even when the data is in the 


stack (which means that the most significant 
word must 
be pushed into the stack first). A double word is addressed 
by the address of its least significant byte. Note that the 
hardware supports some operations on double words (e.g. 
normalize 
and divide). 
For these operations 
the double 
word must be in the internal register file and must have 
an address which is evenly divisible by four. 


3.5.3. 
Subroutine 
Linkage 


Parameters 
are passed to subroutines 
in the stack. Param- 
eters are pushed into the stack in the order that they are 
encountered 
in the scanning of the source text. Eight-bit 
parameters 
(BYTES or SHORT-INTEGERS) 
are pushed 
into the stack with the high order byte undefined. 
Thirty- 
two 
bit 
parameters 
(LONG-INTEGERS, 
DOUBLE- 
WORDS, 
and REALS) 
are pushed into the stack as two 
16 bit values; the most significant 
half of the parameter 
is pushed into the stack first. 


example-procedure: PROCEDURE (paraml,param2,param3); 


DECLARE paraml BYTE, 
param2 DWORD, 
param3 WORD; 


When this procedure 
is entered at run time the stack will 


contain the parameters 
in the following 
order: 


?????? 
: 
paraml 


high word of param2 


low word of param2 


param3 


return address 


If a procedure 
returns 
a value 
to the calling 
code (as 


opposed to modifying 
more global variables) then the re- 


sult is returned 
in the variable 
PLMREG. 
PLMREG 
is 


viewed as either an 8, 16 or 32 bit variable depending 
on 


the type of the procedure. 


The standard calling convention 
adopted by PLM-96 has 


several key features: 


a). Procedures can always assume that the eight bytes 
of register 
file memory 
starting at PLMREG 
can be 


used as temporaries 
within the body of the procedure. 


b). Code which calls a procedure 
must assume that 


the eight 
bytes 
of register 
file memory 
starting 
at 


PLMREG 
are modified by the procedure. 


c). The Program 
Status Word (pSW-see 
section 3.3) 


is not saved and restored by procedures 
so the calling 


code 
must 
assumed 
that 
the 
condition 
flags 


(Z,N,V,VT,C, 
and ST) are modified by the procedure. 


d). Function 
results from procedures 
are always re- 
turned in the variable PLMREG. 


PLM-96 allows the definition of INTERRUPT 
procedures 


which are executed 
when a predefined 
interrupt 
occurs. 


These procedures do not conform to the rules of a normal 
procedure. 
Parameters 
cannot be passed to these proce- 


dures and they cannot return results. 
Since they can ex- 


ecute essentially 
at any time (hence the term interrupt), 


these procedures must save the PSW and PLMREG when 
they are entered and restore these values before they exit. 


Processing 
interrupts 
is an integral 
part of almost 
any 


control application. 
The 8096 allows the program to man- 
age interrupt servicing in an efficient and flexible manner. 
Software running in the 8096 exerts control over the in- 
terrupt hardware 
at several levels. 


3.6.1. 
Global Lockout 
The processing 
of interrupts 
can be enabled or disabled 
by setting or clearing the I bit in the PSW. This is accom- 
plished 
by the EI (Enable 
Interrupts) 
and DI (Disable 
Interrupts) 
instructions. 
Note that the I bit only controls 
the actual 
servicing 
of interrupts; 
interrupts 
that occur 
during 
periods 
of lockout 
will be held in the pending 


register and serviced on a prioritized basis when the lock- 
out period ends. 


3.6.2. 
Pending Interrupt Register 
When the hardware 
detects one of the eight interrupts it 
sets the corresponding 
bit in the pending interrupt register 


(INT-PENDING-register 
09H). This register, which has 
the same bit layout as the interrupt mask register (see next 
section), 
can be read or modified as a byte register. This 
register can be read to determine 
which of the interrupts 
are pending at any given time or modified to either clear 
pending 
interrupts 
or generate 
interrupts 
under 
soft- 
ware 
control. 
Any 
software 
which 
modifies 
the 
INT-PENDING 
register 
should 
ensure 
that the entire 
operation 
is indivisible. 
The easiest way of doing this is 
to use the logical instructions 
in the two or three operand 
format, as examples: 


ANDB 
INTJENDING,#l1l11lOIB 
ORB 
; Clears the AID interrupt 
INTJENDING,#OOOOOOlOB 
Sets the AID interrupt 


If the required modification 
to INT -PENDING 
cannot be 
accomplished 
with one instruction 
then a critical region 


should be established 
and the INT -PENDING 
register 
modified from within this region (see section 3.6.5). 


3.6.3. 
Interrupt Mask Register 
Individual 
interrupts can be enabled or disabled by setting 


or clearing 
bits 
in the interrupt 
mask 
register 
(INT_ 
MASK-register 
08H). The format of this register is shown 


in figure 3-5. 


4lL§' 3~12E 


1il 


o~ 
TIMER 
OVERFLOW 
~ 
AID COMPLETION 


HSI DATA AVAILABLE 


HSO EVENT 


HSI BIT 0 


'--------- 
SOFTWARE 
TIMERS 


'---------- 
SERIAL 
1/0 


'------------ 
EXTERNAL 
INTERRUPT 


The INT-MASK 
register can be read or written as a byte 
register. A one in any bit position will enable the corre- 
sponding 
interrupt 
source 
and a zero will disable 
the 


source. The individual 
masks act like the global lockout 
in that they only control the servicing of the interrupt; the 
hardware will save any interrupts that occur in the pending 
register 
even if the interrupt 
mask 
bit is cleared. 
The 
INT-MASK 
register 
also can be accessed 
as the lower 


eight bits of the PSW so the PUSHF and POPF instructions 
save and restore the INT-MASK 
register as well as the 
global interrupt lockout and the arithmetic 
flags. 


3.6.4. 
Interrupt Vectors 
The 8096 has eight sources 
of hardware 
interrupt, 
each 
with its own priority and interrupt vector location. 
Table 
3-5 shows the interrupt 
sources, 
their priority, 
and their 
vector locations. 
See section 2.5 for a discussion 
of the 
various interrupt sources. 


Source 
Priority 
Vector 


Timer Overflow 
O-Lowest 
2000H 


ND Completion 
1 
2002H 


HSI Data Available 
2 
2004H 


HSO Execution 
3 
2006H 


HSI.O 
4 
2008H 


Software timers 
5 
200AH 


Serial IJO 
6 
200cH 


External Interrupt 
7-Highest 
200EH 


The programmer 
must initialize the interrupt vector table 
with the starting 
addresses 
of the appropriate 
interrupt 
service routine. 
It would be a good idea to vector any 


interrupts that are not used in the system to an error han- 
dling routine. 


The priorities 
given in the table give the hardware 
en- 
forced priorities for these interrupts. 
This priority controls 


the order in which pending 
interrupts 
are passed to the 
software via interrupt-calls. 
The software can implement 
its own priority structure by controlling 
the mask register 
(INT _ MASK-register 
08H). 
To see how this is done 
consider 
the case of a serial IJO service 
routine 
which 
must run at a priority level which is lower than the HSI 
data available interrupt but higher than any other source. 
The "preamble" 
and exit code for this interrupt service 


routine would look like this: 


; Save the PSW 
(Includes 
INT _ 
MASK) 


LDB 
INT-MASK, 
#0ססoo 
IOOB 
EI 
; Enable interrupts 
again 


fJ~"~~;~' 


POPF 
; Restore the PSW 
RET 


Note that location 
200cH 
in the interrupt 
vector table 


would 
have to be loaded 
with the value 
of the label 
serial_ 
io _ isr and the interrupt be enabled for this rou- 
tine to execute. 


which makes this (or -any other) 8096 interrupt 
service 
routine execute properly: 


a). After the hardware decides to process an interrupt 
it generates 
and executes 
a special interrupt-call 
in- 
struction 
which pushes 
the current 
program 
counter 
onto the stack and then loads the program counter with 
the contents 
of the vector table entry corresponding 
to the interrupt. 
The hardware 
will not allow another 
interrupt 
to be serviced 
immediately 
following 
the 
interrupt-call. 
This guarantees 
that once the interrupt- 
call starts the first instruction 
of the interrupt service 
routine will execute. 


b). The PUSHF instruction, 
which is now guaranteed 
to execute, saves the PSW in the stack and then clears 
the PSW. The PSW contains, 
in addition to the arith- 
metic flags, the INT-MASK 
register and the global 
enable flag (I). The hardware 
will not allow an inter- 
rupt following 
a PUSHF instruction 
and by the time 
the LO instruction 
starts all of the interrupt 
enable 
flags will be cleared. 
Now there is guaranteed 
exe- 
cution of the LO INT-MASK 
instruction. 


c). The LO INT-MASK 
instruction 
enables 
those 
interrupts 
that the programmer 
chooses 
to allow to 
interrupt the serial 110 interrupt service routine. In this 
example only the HSI data available interrupt will be 
allowed to do this but any interrupt or combination 
of 
interrupts could be enabled at this point, even the serial 
interrupt. It is the loading of the INT _ MASK register 
which allows the software to establish its own prior- 
ities for interrupt 
servicing independently 
from those 
that the hardware 
enforces. 


d). The 
EI instruction 
reenables 
the processing 
of 
interrupts. 


e). 
The 
actual 
interrupt 
service 
routine 
executes 
within the priority structure established by the software. 


f). At the end of the service routine the POPF instruc- 
tion restores the PSW to its state when the interrupt- 
call occurred. 
The hardware 
will not allow interrupts 
to be processed 
following 
a POPF instruction 
so the 
execution 
of the last instruction 
(RET) is guaranteed 
before further 
interrupts 
can occur. 
The reason that 
this RET instruction must be protected in this fashion 
is that it is quite likely that the POPF instruction will 
reenable an interrupt which is already pending. 
If this 
interrupt 
were serviced 
before the RET instruction, 
then the return address to the code that was executing 
when the original interrupt occurred would be left on 
the stack. While this does not present a problem 
to 
the program flow, it could result in a stack overflow 
if interrupts 
are occurring 
at a high frequency. 
The 
POPF instruction also pops the INT _ MASK register 
(part of the PSW), so any changes made to this register 
during a routine which ends with a POPF will be lost. 


service routine does not include any code for saving or 
restoring registers. 
This is because 
it has been assumed 
that the interrupt 
service 
routine 
has been allocated 
its 
own private set of registers from the on-board register file. 
The availability 
of some 230 bytes of register 
storage 
makes this quite practical. 


3.6.5. 
Critical Regions 
Interrupt service routines must share some data with other 
routines. 
Whenever 
the programmer 
is coding those sec- 
tions of code which access these shared pieces of data, 
great care must be taken to ensure that the integrity of the 
data is maintained. 
Consider clearing a bit in the interrupt 
pending register as part of a non-interrupt 
routine: 


LOB 
ANDB 
STB 


AL,INT -PENDING 
AL,#biLmask 
AL,INT-PENDING 


This code works if no other routines 
are operating 
con- 
currently, 
but will cause occasional 
but serious problems 
if used in a concurrent environment. 
(All programs which 
make use of interrupts must be considered 
to be part of a 
concurrent 
environment.) 
To demonstrate 
this problem, 


assume 
that 
the 
INT_PENOING 
register 
contains 
OOOOIIIIB and bit 3 (HSO event interrupt pending) is to 
be reset. 
The code does work for this data pattern but 
what happens if an HSI interrupt 
occurs somewhere 
be- 
tween the LOB and the STB instructions? 
Before the LOB 
instruction 
INT_PENDING 
contains 
OOOOIIIIB 
and 
after the LOB instruction so does AL. IF the HSI interrupt 
service routine executes at this point then INT -PENDING 
will change to OOOOIOIlB. The ANDB changes 
AL to 
OOOOOIlIB and the STB 
changes 
INT-PENDING 
to 
0ססoo IIIB. 
It should be o00ooo lIB. 
This code sequence 
has managed to generate a false HSI interrupt! The same 
basic process can generate an amazing assortment of prob- 
lems and headaches. 
These problems 
can be avoided by 
assuring mutual exclusion 
which basically 
means that if 
more than one routine 
can change 
a variable, 
then the 
programmer 
must ensure exclusive 
access to the variable 
during the entire operation on the variable. 


In many cases the instruction 
set of the 8096 allows the 
variable to be modified with a single instruction. 
The code 
in the above example can be implemented 
with a single 
instruction: 


Instructions are indivisible so mutual exclusion is ensured 
in this case. For more complex 
situations, 
such a simple 
solution is not available and the programmer 
must create 
what is termed 
a critical 
region 
in which 
it is safe to 
modify 
the variable. 
One way to do this is to simply 
disable interrupts with a DI instruction, 
perform the mod- 
ification, and then re-enable interrupts with an EI instruc- 
tion. The problem with this approach is that it leaves the 
interrupts 
enabled 
even if they were not enabled 
at the 
start. A better solution is to enter the critical region with 
a PUSHF instruction which saves the PSW and also clears 


the interrupt enable flags. The region can then be termi- 
nated with a POPF instruction which returns the interrupt 
enable to the state it was in before the code sequence. 
It 


should be noted that some system configurations 
might 


require more protection 
to form a critical region. An ex- 
ample is a system in which more than one processor has 
access to a common resource such as memory or external 
I/O devices. 


3.7. 1/0 PROGRAMMING 
CONSIDERATIONS 


The on-board 
I/O devices are, for the most part, simple 
to program. 
There are some areas of potential confusion 


which need to be addressed: 


3.7.1. 
Programming 
the 1/0 Ports 
Some of the on-board I/O ports can be used as both input 
and output pins (e.g. Port I). When the processor writes 
to the pins of these ports it actually writes into a register 
which in turn drives 
the port pin. When the processor 
reads these ports, it senses the status of the pin directly. 
If a port pin is to be used as an input then the software 
should write a one to that pin, this will cause the low- 
impedance pull-down device to turn off and leave the pin 
pulled up with a relatively high impedance pull-up device 
which can be easily driven down by the device driving 
the input. If some pins of a port are to be used as inputs 
and some are to be used as outputs the programmer 
should 
be careful when writing to the port. Consider using PI.O 
as an input and then trying to toggle PI.I 
as an output: 


ORB 
IOPORTl,#OOOOOOOIB 
XORB 
IOPORTl,#OOOOOOIOB 


; Set PI.O for input 
; Complement 
PI.I 


The first instruction 
will work as expected but two prob- 
lems can occur when the second instruction executes. The 
first is that even though PI. I is being driven high by the 
80% 
it is possible 
that it is being held low externally. 
This typically happens when the port pin is used to drive 
the base of an NPN transistor 
which in turn drives what- 
ever there is in the outside world which needs to be tog- 
gled. The base of the transistor will clamp the port pin to 
the transistor's 
Vbe above 
ground, 
typically 
0.7 volts. 


The 8096 will input this value as a zero even if a one has 
been written to the port pin. When this happens the XORB 
instruction 
will always write a one to the port pin and it 
will not toggle. The second problem, 
which is related to 
the first one, is that if PI.O happens to be driven to a zero 
when Port 
I is read by the XORB instruction 
then the 
XORB will write a zero to PI.O and it will no longer be 
useable as an input. The first problem can best be solved 
by the external 
driver design. 
A series resistor between 
the port pin and the base of the transistor 
often works. 
The second problem can be solved in the software fairly 
easily: 


LOB 
XORB 
ORB 
STB 


AL,IOPORTI 
AL,#OIOB 
AL,#OOIB 
AL,IOPORTI 


A software solution to both problems 
is to keep a byte in 
RAM as an image of the data to be output to the port; any 
time the software wants to modify the data on the port it 
can then modify the image byte and then copy it to the 
port. 


3.7.2. 
Reading the 1/0 Status Register 1 
This status register 
contains 
a collection 
of status flags 
which relate to the timer and high speed I/O functions 
(see section 
2.12.5). 
It can be accessed 
as register 
16H 
in the on-board 
register file. The layout of this register is 
shown in figure 3-6. 


17[61514131211101 
l@ugL 


~OFTWARE 
TIMER 
0 EXPIRED 


SOFTWARE 
TIMER 
1 EXPIRED 


SOFTWARE 
TIMER 
2 EXPIRED 


SOFTWARE 
TIMER 
3 EXPIRED 


TIMER 
2 OVERFLOW 
FLAG 


TIMER 
1 OVERFLOW 
FLAG 
'-------...:.:...- 
HSI FIFO IS FULL 


HSI DATA AVAILABLE 


Whenever the processor reads this register all of the time- 
related flags (bits 5 through 0) are cleared. 
This applies 
not only to explicit reads such as: 


which jumps to somewhere _ else if bit 3 of IOS I is set. 
In most cases this situation can best be handled by having 
a byte in the register 
file which is used to maintain 
an 
image of lower fi.ve bits of the register. Any time a hard- 
ware timer interrupt 
or a HSO software 
timer interrupt 
occurs the byte can be updated: 


leaving IOS 1 _ image containing 
all the flags that were 
set before plus all the new flags that were read and cleared 
from IOS I. Any other routine which needs to sample the 
flags can safely check IOSI _ image. 
Note that if these 
routines 
need to clear the flagS that they have acted on 
then the modification of IOS 1_ image must be done from 
inside a critical region (see section 3.6.5). 


3.7.3. 
Sending Commands 
to the HSO Unit 
Commands 
are sent to the HSO unit via a byte and then 
a word write operation: 


LOB 
HSO _ 
COMMAND,#what 
_ 
to _ 
do 


ADD 
HSO _ 
TIME,TIMERI,#when 
_ 
to _ 
do _ 
it 


The command is actually accepted when the HSO_ 
TIME 
register is written. It is important to ensure that this code 
piece is not interrupted 
by any interrupt 
service routine 
which might also send a command 
to the HSO unit. If 
this happens 
the HSO will know when to do it but not 
know what to do when it's time to do it. In many systems 
this becomes a null problem because HSO commands 
are 
only issued from one place in the code. If this is not the 
case then a critical region must be established 
and the two 
instructions 
executed from within this region (see section 
3.6.5). 


Commands 
in the holding register will not execute even 
if their time tag is reached. 
Commands 
must be in the 
CAM for this to occur. Commands 
in the holding register 
can also be overwritten. 
Since it can take up to 8 state 
times for a command 
to move from the holding register 
to the CAM, 8 states must be allowed between successive 
writes to the CAM. 
Flags are available 
in IOSO which 
indicate 
the holding 
register 
is empty (IOSO.7) or that 
both the holding register 
is empty and the CAM is not 
full (IOSO.6). 
The programmer 
should carefully 
decide 
which 
of these 
two flags is the best to use for each 
application. 


It is possible 
to enter commands 
into the CAM which 
never execute. This occurs if TIMER2 has been set up as 
a variable modulo counter and a command is entered with 
a time tag referenced 
to TIMER2 
which has a value that 
TIMER2 
never reaches. 
The inaccessible 
command 
will 
never execute and continue to take up room in the CAM 
until either 
the system 
is reset or the program 
allows 
TIMER2 increment up to the value stored in the time tag. 
Note that commands 
cannot 
be flushed from the CAM 
without 
being executed 
but that they can be cancelled. 
This is accomplished 
by setting the opposite command in 
the CAM to execute at the same time tag as the command 
to be cancelled. 
Since internal events are not synchronized 
to Timer 
I, it is not possible 
to cancel them. 
If, as an 
example, 
a command has been issued to set HSO.I 
when 
TIMERI = 1234 then entering a second command 
which 
clears HSO.l 
when TIMER I = 1234 will result in a no- 
operation on HSO.l. 
Both commands 
will remain in the 
CAM until TIMERI 
= 1234. 


3.7.4. 
High Speed I/O Interrupts 
The HSO unit can generate two types of interrupts. 
The 
HSO execution 
interrupt 
(vector=(2006H)) 
is generated 
(if enabled) for HSO commands 
which operate on one of 
the six HSO pins. The other HSO interrupt is the Software 
Timer interrupt (vector = (200AH» 
which is generated (if 
enabled) for any other HSO command (e.g. triggering the 
AlD, resetting Timer2 or generating 
a software time de- 
lay). 


There are also two interrupts associated with the HSI unit. 
The HSI data available 
interrupt 
(vector = (2004H» 
is 
generated if there is data in the HSI FIFO that the program 
should read. The other HSI related interrupt is the HSLO 
interrupt which occurs whenever High Speed Input pin 0 
makes a zero-to-one transition. 
This interrupt will become 
pending in the INTJENDING 
register even if the HSI 
unit is programmed 
to ignore changes on HSLO or look 
for a one-to-zero 
transition. 


3.7.5. Accessing 
Register Mapped I/O 
The on-board 
IIO devices 
such as the serial port or the 
AlD converter are controlled as register mapped IIO. This 
allows convenient 
and efficient IIO processing. 
The im- 
plementation 
of the current members of the MCS-96 fam- 
ily place some restrictions 
on how these registers can be 
accessed. While these restrictions 
are not severe, the pro- 
grammer must be aware of them. 
A complete 
listing of 
these registers 
is shown in figure 2-7 and 2-8. The re- 
strictions are as follows: 


a). TIMER 1, TIMER2 and HSI_ TIME are word read 
only. They cannot be read as bytes or written to in any 
format. 


b). HSO _ TIME 
is word write only. 
It cannot 
be 
written to as individual 
bytes or read in any format. 


c). RO (the ZERO register) 
is byte or word read or 
write but writing to it will not change its value. 


d). All of the other IIO registers can be accessed only 
as bytes. 
This 
applies 
even 
to the AD_RESULT 
which is logically a word operand. 


e) Neither the source nor the destination 
addresses of 
the Multiply and Divide instructions 
can be a writable 
special function register. 


f) These registers may not be used as base or index 
registers for indexed or indirect instructions. 


3.8. EXAMPLE-1 
PROGRAMMING 
THE 
SERIAL I/O CHANNEL 


SOURCE 
FILE: 
:F!:SPX.SRC 
OBJECT 
PILE: 
:Fl:SPX.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CCMMAND: 
NOSa 
DEBUG 


0010 
C40007 
0013 
B12001 


0016 
3609FO 
0019 
718F09 


OOlF 
001F 
360109 
0022 
C40007 


0025 
7lBF01 


0028 
BlFF03 


002B 
002B 
30030C 
002E 
350109 
0031 
B00007 
0034 
71OF01 
0037 
B10003 


003A 
003A 2701\ 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
R 
50 
R 
51 
52 
53 
54 
55 
R 
56 
57 
58 
59 
60 
R 
61 
R 
62 
R 
63 
R 
64 
65 
66 
R 
67 
R 
68 
R 
69 
R 
70 
R 
71 
72 
73 
74 
75 
76 


SOURCE 
STATEMENT 
STITLE 
(' SERIAL 
PORT 
DEMO 
PROGRAM') 
$PAGELENGTH(95) 


BAUD 
REG 
SPCON 
SPSTAT 
lOC1 
lOCO 
SaUF 
INT 
PENDING 
SP - 


get 
byte: 


- 
JBC 
STB 
ANDB 
LOB 


put byte: 


- 
JBC 
JBC 
LOB 
ANOB 
LOB 


CUR: 
dsb 
TEMPO: 
dsb 
TEMPl: 
dsb 
ReV_FLAG: 


BAUD 
REG, 
IBAUD 
LOW 
BAUO:=REG. 
'BAUO:=HIGH 


SPCON, 
1010010018 


TEMPO, 
6, 
put 
byte 
S8UF, 
CUR 
- 
TEMPO, tl0111111B 
ReV_FLAG, 
t OFFH 


ReV 
FLAG, 
0, 
continue 
TEMPO,S, 
continue 
S8UF, 
CUR 
TEMPO, 
1110111118 
RCVJ LAG, 
'00 


Put SPCONinto 
temp register 
This 
is 
necessary 
becase 
reading 
SPCONclears 
TI and 
RI 


If 
RI-temp is 
not 
set 
Store 
byte 
CLR RI-temp 
Set bit-received 
flag 


If 
receive 
flag 
is 
cleared 


If 
TI ..,as not 
set 
Send byte 
CLR 
TI-temp 
Clear 
bit-received 
flag 


SOURCE 
FILE: 
:Fl:HS02X.SRC 
OBJECT 
FILE: 
:Fl:HS02X.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CCMMAND: NOSB 
DEBUG 


SOURCE 
STATEMENT 
$TITLE 
('HSO 
EXAMPLE 
PROGRAM FOR 
PWM OOTPUTS' 
I 
$PAGELENGTH (95) 


0000 
3EOOFO 
0003 
FO 
0004 
PO 
0005 
C701000000 


OOOA 
OOOA 510FOOOl 
OOOE 980100 
0011 
OFED 
0013 
940100 


0016 
0016 
300017 
0019 
380108 


001C 
001C 
B13000 
OolF 
470100000000 
0025 
2009 


0027 
0027 
Bll0o0 
002A 
470100000000 


0030 
0030 
310017 
0033 
39010B 


0036 
0036 
a13100 
0039 
410100000000 
003F 
2009 


0041 
0041 
all100 
0044 
410100000000 


This 
program 
will 
provide 
4 
PWM outputs 
on 
HSO pins 
0-3 
The 
input 
parameters 
passed 
to 
the 
program 
are: 


HSO ON N 
HSO 
on 
time 
for 
pin 
N 
HSO::OFF _N 
HSO 
off 
time 
for 
pin 
N 


wait: 
JBS 
NOP 
NOP 
STB 


store 
stat: 
- 
ANOB 
CMPB 
JE 
XORB 


check_ 
0: 
JBe 
JBS 


set 
on 0: 
- 
- 
LOB 
ADD 
B" 


set 
off 
0: 
- 
-LOB 
ADD 


set 
on 
1: 
- 
- 
LOB 
ADD 
B" 


set 
off 
1: 
- 
-LOB 
ADD 


o 
STAT: 


extrn 
extrn 
extrn 
extrn 
extrn 
extrn 
extrn 


1 
HSO 
OFF 
0 
:word 
HSO-OFF-l 
:word 
HSO-OFF-2 
:word 
HSO-OFF-3 
: word 
HSO-Cc::MMAND :byte 
105"0' 
: byte 


HSO ON 
0 
8SO-0N-l 
Hoo-ON-2 
Hoo-ON-3 
HSO-TIME 
TIMERI 
SP 


:word 
:word 
:word 
:word 
:word 
:word 
:word 


public 
OLD STAT 
OLD STAT: 
- 
dsb 
NEW::STAT: 
dsb 


Loop 
until 
HSO holding 
register 
is 
empty 


Load 
byte 
to 
external 
RAM 


For 
opperation 
with 
interrupts 
'store 
stat:' 
would 
be 
the 
entry 
point 
of 
the 
routine. 
- 
Note 
that 
a 
01 
or 
PUSHF 
might 
have 
to 
be 
added. 


NEW STAT, 
1050, 
• OFH 
oLD::::STAT, 
NEW STAT 
wait 
OLD_STAT, 
NEW_STAT 


HSO CCIo!MAND, 100110000B 
HSO-TIME, 
TIMERl, 
HSO_oFF_O 
check_l 


HSO CCMMAND, 
• 0011000lB 
HSO-TIME, 
TIMERl, 
HSO_oFF 
1 
check_2 


Set 
HSO 
for 
timerl, 
set 
pin 
0 
Time 
to 
set 
pin 
= Timerl 
value 
+ 
Time 
for 
pin 
to 
be 
low 


Set 
HSO 
for 
timer1. 
clear 
pin 
0 
Time 
to 
clear 
pin 
• 
Timerl 
value 
+ Time 
for 
pin 
to 
be 
high 


Set 
HSO 
for 
timerl, 
set 
pin 
1 
Time 
to 
set 
pin 
= Timerl 
value 
+ Time 
for 
pin 
to 
be 
low 


Set 
HSO 
for 
timerl, 
clear 
pin 
1 
Time 
to 
clear 
pin· 
Timerl 
value 
+ Time 
for 
pin 
to 
be 
high 


OOU 
004A 320017 
0040 
JADIoa 


0050 
0050 813200 
0053 470100000000 
0059 
2009 


0058 
0058 811200 
005E 
470100000000 


0064 
0064 330017 
0067 380108 


006A 
006A 
813300 
0060 ,'10100000000 
0073 
2009 


0075 
0075 
811300 
0078 410100000000 


check 
2: 
- 
J!lC 
JBS 


set_on 
2: 
- 
LOB 
ADD 
BR 


set_off 
2: 
-LOB 


ADO 


check 
3: 
- 
J!lC 
JBS 


set on 3: 
- 
- 
LOB 


ADD 
BR 


set 
off 
3: 
- 
-LOB 


ADD 


HSO Cc..MAND, 
'001100108 
HSOTIME, 
TIMERl, 
HSO_OFF_2 
check_3 


HSO CCMMAND, 
'001100118 
RSO-TIME, 
TIMERl. 
ROO OFP 
3 
cheCk_done 
- 
- 


Set RSOfor 
timerl, 
set 
pin 
2 
Time to set 
pin· 
Timerl 
value 
+ Time for 
pin 
to 
be low 


Set HSOfor 
timerl, 
clear 
pin 
2 
Time to clear 
pin 
• Thlerl 
value 
+ Time for 
pin 
to 
be high 


Set 
HSOfor 
timerl, 
set 
pin 
3 
Tille to set pin - Timerl 
value 
+ Time for 
pin 
to be low 


Set HSOfor 
timer!, 
clear 
pin 
3 
Time to clear 
pin. 
Timerl 
value 
+ Time for 
pin 
to be hiqh 


3.10. 
EXAMPLE-3 
MEASURING 
PULSES 
WITH THE HSI UNIT 


SOURCE 
FILE: 
:Fl:PULSEX.SRC 
OBJECT 
FILE: 
:Fl:PULSEX.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CClotMAND: 
NOSB 
DEBUG 


DaDA 
DODA 
OOOB 


OOOC 
OOOC 
0000 


0000 
AIC00018 
0004 
B10115 
0007 
B10F03 


OOOA 44020004 


OOOE 3716F9 


0017 
390A09 


OOlA 
COOBOC 
0010 
4B060BOO 
0021 
27E7 


0023 
C0060C 
0026 
4BOB0602 
002A 270E 


LINE 
SOURCE STATEMENT 


1 
$TITLE 
(I MEASURING 
PULSES 
USING 
THE 
H51 
UNIT' 
) 
2 
$PAGELENGTH 
(95) 
3 
4 
This 
program 
measures 
pulsew id ths 
in 
TIMERl 
cycles 
5 
and 
retuns 
the values 
in ex te rnal 
RAM. 
6 
7 
B 
SP 
equ 
1BH 
9 
H51 
MODE 
equ 
03H 
10 
H51-STATUS 
equ 
06H 
11 
H51-TIME 
equ 
04H 
12 
TIMERl 
equ 
OAR 
13 
lOCO 
equ 
ISH 
14 
loS1 
equ 
16H 
15 
16 
17 
rseg 
1B 
19 
HIGH 
TIME: 
dsw 


20 
LOW 
TIME: 
dsw 
21 
PERIOD: 
dsw 


22 
HI 
EDGE: 
dsw 
23 
Lo'~)DGE: 
dsw 
24 
25 
26 
AX: 
dsw 
1 
27 
AL 
equ 
AX 
:byte 
2B 
AH 
equ 
(AX+l) 
:byte 
29 
30 
ax: 
dsw 
1 
31 
BL 
equ 
BX 
:byte 
32 
BU 
equ 
(BX+l) 
:byte 
Note 
that 
'B11 ' 
is 
an 
opcode 
.0 it 
33 
can't 
be used 
a. 
a 
label 
34 
35 
cseg 
36 
37 
LO 
SP, 
lOCOH 
3B 
LOB 
lOCO, 
lOOOOOOOlB 
, Enable 
H51 
0 
39 
LOB 
H51_MODE, 
lOOOO1111B 
, H5l 
o look 
for 
either 
edge 
40 
R 
41 
wait: 
ADD 
PERIOD. 
HIGH_TIME, 
LOW_TIME 
42 
43 
JBC 
10S1, 
7, 
wait 
, Wait 
while 
no pulse 
is 
entered 
44 
R 
45 
LOB 
AL, 
H5l _STATUS 
Load 
status; 
Note 
that 
reading 
46 
H51_TIME 
clears 
HSI _STATUS 
47 
R 
4B 
LO 
BX, 
H51_TIME 
Load 
the 
H51 _TIME 
49 
R 
50 
JBS 
AL, 
1, 
hsi -hi 
Jump 
if 
HSI.O 
is 
high 
51 
R 
52 
hsi -10: 
ST 
BX, 
LO 
EDGE 
R 
53 
SUB 
HIGH_TIME, 
LO_EDGE, 
HI _EDGE 
54 
BR 
wait 
55 
56 
R 
57 
hsi -hi: 
ST 
BX, 
HI 
EDGE 


R 
5B 
SUB 
LOW TIME, 
R1 _EDGE, 
LO_EDGE 
59 
BR 
wait 
60 
61 
END 


3.11. 
EXAMPLE-4 
SCANNING 
THE AID 
CHANNELS 


SOURCE 
FILE: 
:Fl:ATODX.SRC 
OBJECT 
FILE: 
:Fl:ATODX.OBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
CCMMAND: 
NOSS 
DEBUG 


0000 
0000 
0001 


0002 
0002 
0003 


0004 
0004 
0005 


0000 
AIC00018 
0004 
A00002 


0007 
910802 
OOOA B00202 
0000 
710702 


LINE 
SOURCE 
STATEMENT 
1 
$TITLE 
(I SCANNING 
THE 
A 
TO o 
CHANNELS' 
) 


2 
$PAGELENGTH(95) 
3 
4 
This 
prog ram 
scans 
A ta 
o lines 
0 
through 
3 and 
stores 
the 


5 
results 
in 
RESULT 
N 
6 
7 
AD 
RESULT 
LO 
equ 
02 
8 
AO-RESULT-HI 
equ 
03 
9 
AO-CCMMAND 
equ 
02 
10 
SP- 
equ 
18H 
11 
12 
13 
dseg 
14 
15 
RESULT_TABLE: 


16 
RESULT -1: 
dsw 
17 
RESULT 
2: 
dsw 
18 
RESULT -3: 
dsw 
19 
RESULT -4: 
dsw 
20 
- 
21 
rseg 


22 
23 
AX: 
dsw 
1 
24 
AL 
equ 
AX 
:byte 
25 
AH 
equ 
(AX+l) 
:byte 
26 
27 
ex: 
dsw 
1 
28 
BL 
equ 
BX 
:byte 


29 
BU 
equ 
(BX+l) 
:byte 
Note 
that 
'BH' 
is 
an 
opcode 
sa 
it 
30 
can't 
be used 
as 
a label 


31 
32 
33 
OX: 
dsw 
1 
34 
DL 
equ 
DX 
:byte 
35 
DH 
equ 
(DX+l) 
:byte 
36 
37 
38 
cseg 
39 
40 
41 
start: 
LD 
SP, 
, oeOH 
Set 
Stack 
Pointer 
R 
42 
LD 
BX, 
OOH 
Use 
the 
zero 
register 
43 
R 
44 
next: 
ORB 
BL, 
11000B 
Start 
conversion 
on channel 


R 
45 
LDB 
AD 
CQo1.MAND, 
BL 
indicated 
by BL register 
R 
46 
ANOB 
BL-; 
'0111B 
47 
48 
NOP 
, Wait 
for 
conversion 
ta 
start 
49 
50 
check: 
JBS 
AD_RESULT_LO, 
3, 
check 
; Wait 
while 
A to 
D is 
busy 
51 


0014 
B00200 
·R 
52 
LDB 
AL, 
AD 
RESULT 
LO 
Load 
low 
order 
result 
0017 
B00301 
R 
53 
LDB 
AH, 
AD=:RESULT=:HI 
Load 
high 
order 
result 
54 
OOlA 54020204 
R 
55 
ADDB 
DL, 
BL, 
BL 
DL""BL*2 
OOlE 
AC0404 
R 
56 
LOBZE 
DX, 
DL 
0021 
C304000000 
R 
57 
ST 
AX, 
RESULT_TABLE 
[OX] 
Store 
resu 
It 
indexed 
by 
BL*2 


58 
0026 
1702 
R 
59 
INca 
BL 
0028 
710302 
R 
60 
ANDB 
BL, 
'03H 
61 
0028 
27DA 
62 
BR 
next 
63 
002D 
64 
END 


ASSEMBLY 
CCMPLETEO, 
NO 
ERROR (S) 
FOUND. 


3.12. 
EXAMPLE-5 
TABLE 
LOOKUP-AND 
INTERPOLATION 


SOURCE 
FILE: 
:Fl:INTERX.SRC 
OBJECT 
FILE: 
:Fl:INTERX.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
C(Jo{MAND: 
NOSa 
DEBUG 


SOURCE 
STATDtENT 
$TITLE 
(I TABLE 
LOOKUP 
AND 
INTERPOLATION') 
$PAGELENGTH 
(95) 


This 
program 
uses 
a lookup 
table 
to generate 
12-bit 
function 
values 


using 
8-bit 
input 
values. 
The table 
is 
16 bytes 
long 
and 16 bits 
wide. 


A linear 
interpolation 
is 
made using 
the 
following 
fOIDula: 


0000 


0000 
0000 
0001 


0002 
0002 
0003 


0004 
0006 
0008 
oooA 
OOOA 
OOOC 
OOOE 
0010 


0004 
B00400 
0007 
180300 
OOOA 7!FEOO 
0000 
ACOODO 


OOlA 
4806080C 


OOlE 
510P040A 
0022 
BeOAD" 


0025 
PE4COCOAI0 
002A 
PE8DI000I0 


OOlF 
U06100E 


cseg 


start: 
LD 


look: 
LOB 
SURB 
ANDB 
LDBZE 


LD 


LD 


SUB 


ANDB 
LOBSE 


MUL 
DIV 


labl: 
ADD 


SHR 


TABLE_HIGH 
- 
TABLE_LOW 


16 
IN_DIF 


1 
AX 
:byte 


(AX+l) 
:byte 


1 
ax 
:byte 


(BX+l) 
:byte 


IN 
VAL: 


TABLE 
LOW: 
TABLE-HIGH: 
IN elF: 
IN-DIPB 
TAB 
DIF: 


OUT: 
OUT_DIF: 


1 
1 
1 
1 
IN 
DIF 
:byte 
1 - 


1 
1 


AL, 
IN 
VAL 
AL, '3- 
AL, 
111111110B 
AX, 
At 


TABLE 
LOW is 
table 
output 
value 


of 
IN-VAL 
rounded 
down to 
the 


nearest 
multiple 
of 
108. 


TABLE_HIGH, (TABLE+2) [AX] 
~ TABLE HIGH is 
the 
table 
output 


~ value 
of 
IN ~ 
rounded 
up to 
the 
; 
nearest 
multiple 
of 
lOR. 


TAB_DIF, 
TABLE_HIGH, TABLE_LOW 


IN DIPS, 
IN VAL, tOPR 
IN:DIP, 
IN_DIPB 


OUT DIP, 
IN DIP, 
TAB_DIP 
OUT:DIP, 
Ilr 


OUT, OOT_DIF, TABLE_LOW 
Add output 
difference 
to 
output 


J 
generated 
with 
truncated 
IN VAL 


as 
input 
- 
OUT, •• 
J 
Round 
to 
12-bit 
answer 


ERR 
LOC 
OBJECT 
0036 
0307 
0038 
070E 
OOJA C30100000E 


003>' 27C3 


0041 


0042 
000000200034004C 
004A 
0050006A00720078 
0052 
007B007000760060 
005A 0050004800340022 
0062 
0010 


TABLE 
LOOKUP 
ANO 
INTERPOLATION 
10/11/83 


LINE 
SOURCE 
STATEMENT 
82 
JNC 
lab2 
R 
83 
INC 
OOT 
Round 
up 
if 
Carry· 
1 
R 
84 
ST 
OUT, 
RESULT 
85 
86 
lab2: 
8R 
look 
87 
88 
89 
cseg 
90 
91 
table: 
DCW 
OOOOH, 
20008, 
34006, 
4COOH 
A 
random 
non-monotonic 
92 
DCW 
50008, 
6AOOH, 
72008, 
78008 
function 
93 
DCW 
7BOOH, 
70008, 
76008, 
60008 
94 
DCW 
5DOOH, 
4B008, 
34008, 
22008 
95 
DCW 
10008 
96 
97 
END 
0064 


ASSEMBLY 
CCMPr.ETEO, 
NO 
ERROR(S} 
FOUND. 


3.13. 
DETAILED INSTRUCTION 
SET 
DESCRIPTION 


This section gives a description 
of each instruction 
rec- 
ognized 
by the 8096 sorted alphabetically 
by the mne- 
monic used in the assembly 
language for the 8096. Note 
that the effect on the program counter (PC) is not always 
shown in the instruction descriptions. 
All instructions 
in· 
crement the PC by the number of bytes in the instruction. 
Several acronynms are used in the instruction set descrip- 
tions which are defined here: 


aa. A two bit field within an opcode 
which selects the 
basic addressing 
mode user. This field is only present in 
those opcodes 
which allow address 
mode options. 
The 
encoding of the field is as follows: 


aa 
Addressing 
mode 


00 
Register direct 


01 
Immediate 


10 
Indirect 
II 
Indexed 


The selection between indirect and indirect with auto-in- 
crement or between short and long indexing is done based 
on the least significant 
bit of the instruction 
byte which 
follows the opcode. 
This type selects the 16-bit register 
which is to take part in the address calculation. 
Since the 
8096 requires that words be aligned on even byte bound- 
aries this bit would be otherwise 
unused. 


breg. 
A byte register 
in the internal register file. When 
confusion 
could exist as to whether this field refers to a 
source or a destination 
register it will be prefixed with an 


US" or a "D." 


baop. 
A byte operand which is addressed by any of the 
address modes discussed in section 3.2. 


bitno. A three bit field within an instruction op-code which 
selects one of the eight bits in a byte. 


wreg. 
A word register in the internal register file. When 
confusion 
could exist as to whether this field refers to a 


source register or a destination 
register it will be prefixed 
with an "S" or a "D." 


waop. 
A word operand which is addressed by any' of the 


address modes discussed 
in section 3.2. 


BEA. Extra bytes of code required for the address mode 
selected. 


CEA. 
Extra state times (cycles) required for the address 


mode selected. 


Flag 
Settings. 
The modification 
to the flag setting 
is 


shown for each instruction. 
A checkmark (j) means that 


the flag is set or cleared as appropriate. 
A hyphen means 


that the flag is not modified. 
A one or zero (I) or (0) 


indicates that the flag will be in that state after the instruc· 
tion. An up arrow ( i)indicates that the instruction may 
set the flag if it is appropriate 
but will not clear the flag. 


A down arrow ( ~ ) indicates that the flag can be cleared 
but not set by the instruction. 
A question mark (?) indicates 


that the flag will be left in an indeterminant 
state after the 


operation. 


Generic 
Jumps 
and Calls. 
The assembler 
for the 8096 


provides for generic jumps and calls. For all of the con- 
ditional jump instructions 
a "B" 
can be substituted 
for 


the "I" and the assembler 
will generate a code sequence 


which is logically equivalent 
but can reach anywhere 
in 


the memory. 
A IH can only jump 
about 
128 locations 


from the current program counter; 
a BH can jump any- 


where in memory. 
In a like manner 
a BR will cause a 


SIMP or UMP to be generated as appropriate and a CALL 
will cause a SCALL 
or LCALL 
to be generated. 
The 


assembler user guide (see section 3.0) should be consulted 
for the algorithms used by the assembler to convert these 
generic instructions 
into actual machine instructions. 


Indirect 
Shifts. The indirect shift operations use registers 


24 through 
255 (I8H-DFFH), 
since 0-15 
are direct op- 


erators and registers 
16 through 23 are Special Function 


Registers. Note that indirect shifts through SFRs are illegal 
operations. 


The maximum shift count is 31 (I FH). Count values above 
this will be truncated 
to the 5 least significant bits. 


Operation: 
The sum of the two word operands is stored into the destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SAC 
ADD 
wreg, 
waop 


Object Code Format: 
[ 
011001 aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The sum of the second and third word operands is stored into the 
destination 
(leftmost) operand. 


Assembly 
Language 
Format: 
DST 
SAC1 
SAC2 
ADD 
Dwreg, 
Swreg, 
waop 


Object Code Format: 
[ 
010001aa 
1 [ 
waop 
1 [ 
Swreg 
1 [ 
Dwreg 
1 


Bytes: 
3 + BEA 
States: 5+CEA 


Operation: 
The sum of the two byte operands 
is stored into the destination 
(leftmost) operand. 


Assembly 
Language Format: 
DST 
SRC 
ADDB 
breg, 
baop 


Object Code Format: 
[ 
011101 aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2+BEA 
States: 4+CEA 


Operation: 
The sum of the second and third byte operands is stored into the 
destination 
(leftmost) operand. 


DST 
SRC1 
Dbreg, 
Sbreg, 
SRC2 
baop 


Object Code Format: 
[ 
010101aa 
][ 
baop 
][ 
Sbreg 
][ 
Dbreg 
1 


Bytes: 
3 + BEA 
States: 5 + CEA 


Operation: 
The sum of the two word operands and the carry flag (0 or 1) is 
stored into the destination 
(leftmost) operand. 


(DEST) ~ (DEST) 
+ (SRC) + C 


Assembly 
Language 
Format: 
DST 
SRC 
ADDC 
wreg. 
waop 


Object Code Format: 
[ 
101001 aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4+BEA 


Operation: 
The sum of the two byte operands and the carry flag (0 or 1) is 
stored into the destination 
(leftmost) operand. 


Assembly 
Language Format: 
DST 
SRC 
ADDCB 
breg. 
baop 


Object Code Format: 
[ 
101101 aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


3.13.7. 
AND (Two Operands) - 
LOGICAL AND WORDS 


Operation: 
The two word operands are ANDed, the result having a 1 only in 
those bit positions where both operands 
had a 1, with zeroes in 
all other bit positions. 
The result is stored 
into the destination 
(leftmost) operand. 


(DEST) +-- (DEST) AND (SRC) 


Assembly 
Language Format: 
DST 
SRC 
AND 
wreg, 
waop 


Object Code Format: 
[ 
011000aa 
} [ 
waop 
} [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The second and third word operands are ANDed, the result having 
a 1 only in those bit positions where both operands had a 1, with 
zeroes in all other bit positions. The result is stored into the des- 
tination (leftmost) operand. 


(DEST) +-- (SRC1) AND (SRC2) 


Assembly 
Language Format: 
DST 
SRC1 
SRC2 
AND 
Dwreg, 
Swreg, 
waop 


Object Code Format: 
[ 
010000aa 
1[ 
waop 
} [ 
Swreg 
} [ 
Dwreg 
} 


Bytes: 
3 + BEA 
States: 5+CEA 


3.13.9. 
ANDB (Two Operands) - 
LOGICAL AND BYTES 


Operation: 
The two byte operands are ANDed, the result having a 1 only in 
those bit positions where both operands had a 1, with zeroes in 
all other bit positions. 
The result is stored into the destination 
(leftmost) operand. 


(DEST) ~ 
(DEST) AND (SRC) 


Assembly 
Language Format: 
DST 
SRC 
ANDB 
breg, 
baop 


Object Code Format: 
[ 
011100aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The second and third byte operands are ANDed, the result having 
a 1 only in those bit positions where both operands had a 1, with 
zeroes in all other bit positions. The result is stored into the des- 
tination (leftmost) operand. 


DST 
SRC1 
Dbreg, 
Sbreg, 
SRC2 
baop 


Object Code Format: 
[ 
0101 OOaa 1 [ 
baop 
1 [ 
Sbreg 
1 [ 
Dbreg 
1 


Bytes: 
3+BEA 
States: 5 + CEA 


Operation: 
The execution continues at the address specified in the operand 
word register. 


Assembly 
Language Format: 
BR 
[wreg] 


Object Code Format: 
[ 
11100011 
] [wreg] 


Bytes: 
2 
States: 8 


Object Code Format: 
[ .00000001 
] [ 
wreg 
] 


Bytes: 
2 
States: 4 


Assembly 
Language 
Format: 
CLRB 
breg 


Object Code Format: 
[ 
00010001 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Assembly 
Language 
Format: 
CLRC 


Object Code Format: 
[ 
11111000 


Bytes: 
1 
States: 4 


Operation: 
The value of the overflow-trap 
flag is set to zero. 


VT~O 


Assembly 
Language Format: 
CLRVT 


Object Code Format: 
[ 
11111100 


Bytes: 
1 
States: 4 


Operation: 
The source (rightmost) word operand is subtracted from the des- 
tination 
(leftmost) 
word operand. 
The flags are altered 
but the 


operands remain unaffected. The carry flag is set as complement 
of borrow. 


Assembly 
Language 
Format: 
DST 
SRC 
CMP 
wreg, 
waop 


Object Code Format: 
[ 
10001 Oaa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The source (rightmost) byte operand is subtracted from the des- 
tination 
(leftmost) 
byte operand. 
The flags are altered 
but the 
operands remain unaffected. The carry flag is set as complement 
of borrow. 


Assembly 
Language Format: 
DST 
SRC 
CMPB 
breg, 
baop 


Object Code Format: 
[ 
10011 Oaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2+BEA 
States: 4 + CEA 


Object Code Format: 
[ 
00000101 
1 [ 
wreg 
1 


Bytes: 
2 
States: 4 


Assembly 
Language 
Format: 
DECB 
breg 


Object Code Format: 
[ 
00010101 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Operation: 
Interrupts 
are disabled. 
Interrupt-calls 
will not occur 
after this 
instruction. 


Interrupt Enable (PSW.9) ~ 0 


Assembly 
Language Format: 
DI 


Object Code Format: 
[ 
11111010 


Bytes: 
1 
States: 4 


Operation: 
This instruction 
divides the contents 
of the destination 
LONG- 
INTEGER operand by the contents of the INTEGER word oper- 
and, using signed arithmetic. The low order word of the destination 
(i.e., the word with the lower address) will contain the quotient; 
the high order word will contain the remainder. 


(low word DEST) ~ 
(DEST) / (SRC) 
(high word DEST) ~ 
(DEST) MOD (SRC) 
The above two statements 
are performed concurrently. 


Assembly 
Language Format: 
DST 
SRC 
DIV 
Ireg, 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
100011 aa 
1 [ 
waop 
1 [ 
Ireq 
1 


Bytes: 
2+BEA 
States: 29 + CEA 


Operation: 
This instruction divides the contents of the destination 
INTEGER 
operand by the contents of the source SHORT-INTEGER 
oper- 
and, using signed arithmetic. The low order byte of the destination 
(i.e. the byte with the lower address) will contain the quotient; the 
high order byte will contain the remainder. 


(low byte DEST) ~ (DEST) / (SRC) 
(high byte DEST) ~ (DEST) MOD (SRC) 
The above two statements 
are performed concurrently. 


Assembly 
Language 
Format: 
DST 
SRC 
DIVB 
wreg, 
baop 


Object Code Format: 
[ 
11111110 
1 [ 
100111 aa 1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 21 + CEA 


Operation: 
This instruction divides the content of the destination 
DOUBLE- 


WORD operand by the contents of the source WORD operand, 
using unsigned 
arithmetic. 
The low order word will contain the 
quotient; the high order WORD will contain the remainder. 


(low word DEST) ~ 
(DEST)/(SRC) 
(high word DEST) ~ 
(DEST) MOD (SRC) 
The above two statements 
are performed concurrently. 


Assembly 
Language 
Format: 
DST 
SRC 
DIVU 
Ireg, 
waop 


Object Code Format: 
[ 
100011 aa 
1 [ 
waop 
1 [ 
Ireq 
1 


Bytes: 
2 + BEA 
States: 25 + CEA 


Operation: 
This instruction 
divides the contents 
of the destination 
WORD 
operand by the contents of the source BYTE operand, using un- 
signed arithmetic. The low order byte of the destination 
(i.e., the 
byte with the lower address) will contain the quotient; 
the high 
order byte will contain the remainder. 


(low byte DEST) ~ 
(DEST) / (SRC) 
(high byte DEST) ~ 
(DEST) MOD (SRC) 
The above two statements 
are performed concurrently. 


Assembly 
Language Format: 
DST 
SRC 
DIVUB 
wreg, 
baop 


Object Code Format: 
[ 
100111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
17 + CEA 


Operation: 
The value of the byte operand is decremented 
by 1. If the result 
is not equal to 0, the distance from the end of this instruction to 
the target label is added to the program 
counter, effecting 
the 
jump. The offset from the end of this instruction to the target label 
must be in the range of - 128 to + 127. If the result of the dec- 
rement 
is zero 
then 
control 
passes 
to the 
next 
sequential 
instruction. 


(COUNT) ~ 
(COUNT) - 
1 
if (COUNT) < > 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 
end_if 


Assembly 
Language Format: 
DJNZ 
breg,cadd 


Object Code Format: 
[ 
11100000 
1 [ 
breg 
1 [ 
disp 
1 


Bytes: 
3 
States: Jump Not Taken: 5 
Jump Taken: 
9 


Operation: 
Interrupts are enabled following the execution of the next state- 
ment. 
Interrupt-calls 
cannot 
occur 
immediately 
following 
this 
instruction. 


Interrupt Enable (PSW,9) ~ 
1 


Assembly 
Language Format: 
EI 


Object Code Format: 
[ 
11111011 


Bytes: 
1 
States: 4 


Operation: 
The low order word of the operand is sign-extended 
throughout 


the high order word of the operand. 


if (low word DEST)<8000H 
then 
(high word DEST) <- 0 
else 
(high word DEST) <- OFFFFH 
end_if 


Assembly 
Language Format: 
EXT 
Ireg 


Object Code Format: 
[ 
00000110 
] [ 
Ireg 
] 


Bytes: 
2 
States: 4 


Operation: 
The low order byte of the operand 
is sign-extended 
throughout 


the high order byte of the operand. 


if (low byte DEST)<80H 
then 
(high byte DEST) <- 0 
else 
(high byte DEST) <- OFFH 
end_if 


Object Code Format: 
[ 
00010110 
] [ 
wreg 
] 


Bytes: 
2 
States: 4 


Assembly 
Language 
Format: 
INC 
wreg 


Object Code Format: 
[ 
00000111 
1 [ 
wreg 
1 


Bytes: 
2 
States: 4 


Assembly 
Language Format: 
INCB 
breg 


Object Code Format: 
[ 
00010111 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Operation: 
The specified bit is tested. If it is clear (Le., 0), the distance from 
the end of this instruction to the target label is added to the pro- 
gram counter, effecting the jump. The offset from the end of this 
instruction 
to the target label must be in the range of - 128 to 


+ 127. Ifthe bit is set (Le., 1), control passes to the next sequential 
instruction. 


if (specified bit) = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language Format: 
JBC 
breg,bitno,cadd 


Object Code Format: 
[ 
00110bbb 
1 [ 
breg 
1 [ 
disp 
1 


Bytes: 
3 
States: Jump Not Taken: 5 
Jump Taken: 
9 


Operation: 
The specified bit is tested. If it is set (Le., 1), the distance from 
the end of this instruction to the target label is added to the pro- 
gram counter, effecting the jump. The offset from the end of this 
instruction 
to the target label must be in the range of - 128 to 
+ 127. If the bit is clear (Le., 0), control passes to the next se- 
quential instruction. 


if (specified bit) = 1 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Bytes: 
3 
States: Jump Not Taken: 5 
Jump Taken: 
9 


Operation: 
If the carry flag is set (Le., 1), the distance from the end of this 
instruction 
to the target label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of - 128 to + 127. If the 
carry flag is clear (Le., 0), control passes to the next sequential 
instruction. 


if C = 1 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JC 
cadd 


Object Code Format: 
[ 
11011011 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the zero flag is set (Le., 1), the distance from the end of this 
instruction 
to the target label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 


the target label must be in the range of - 128 to + 127. If the zero 
flag 
is clear 
(Le., 0), control 
passes 
to the 
next 
sequential 
instruction. 


if Z = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JE 
cadd 


Object Code Format: 
[ 
11011111 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the negative flag is clear (Le., 0), the distance from the end of 
this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 


the target label must be in the range of - 128 to + 127. If the 
negative flag is set (Le., 1), control passes to the next sequential 
instruction. 


if N = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language Format: 
JGE 
cadd 


Object Code Format: 
[ 
11010110 
][ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If both the negative flag and the zero flag are clear (Le., 0), the 
distance from the end of this instruction to the target label is added 
to the program counter, effecting the jump. The offset from the 
end of this instruction to the target label must be in the range of 
-128 
to + 127. If either the negative flag or the zero flag are set 
(Le., 1,) control passes to the next sequential 
instruction. 


if N = 0 AND Z = 0 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JGT 
cadd 


Object Code Format: 
[ 
11010010 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the carry flag is set (Le., 1), but the zero flag is not, the distance 
from the end of this instruction to the target label is added to the 
program counter, effecting the jump. The offset from the end of 
this instruction to the target label must be in the range of - 128 
to + 127. If either the carry flag is clear or the zero flag is set, 
control passes to the next sequential instruction. 


if C = 1 and Z = 0 then 
PC +- PC + disp (sign-extended 
to 16 bits) 


Object Code Format: 
[ 
11011001 
1 [ 
disp 
1 


Bytes: 
. 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If either the negative flag or the zero flag are set (Le., 1), the 
distance from the end of this instruction to the target label is added 
to the program counter, effecting the jump. The offset from the 
end of this instruction to the target label must be in the range of 
- 128 to + 127. If both the negative flag and the zero flag are 
clear (Le, 0), control passes to the next sequential 
instruction. 


if N = 1 OR Z = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language Format: 
JLE 
cadd 


Object Code Format: 
[ 
11011010 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the negative flag is set (Le., 1), the distance from the end of 
this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 


the target label must be in the range of - 128 to + 127. If the 
negative flag is clear (Le., 0), control passes to the next sequential 
instruction. 


ifN=1then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language Format: 
JLT 
cadd 


Object Code Format: 
[ 
11011110 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the carry flag is clear (Le., 0), the distance from the end of this 
instruction 
to the target label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of -128 
to + 127. If the 
carry flag is set (Le., 1), control 
passes to the next sequential 
instruction. 


if C = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNC 
cadd 


Object Code Format: 
[ 
11010011 
] [ 
disp 
] 


Bytes: 
2 
States: Jump Not Taken: 4 


.Jump Taken: 
8 


Operation: 
If the zero flag is clear (Le., 0), the distance from the end of this 
instruction 
to the target label is added to the program counter, 


effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of - 128 to + 127. If the zero 
flag is set (Le., 1), control passes to the next sequential instruction. 


if Z = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language Format: 
JNE 
cadd 


Object Code Format: 
[ 
11010111][ 
disp 
] 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If either the carry flag is clear (i.e., 0), or the zero flag is set (i.e., 
1), the distance from the end of this instruction to the target label 
is added to program counter, effecting the jump. The offset from 
the end of this instruction to the target label must be in the range 
of -128 
to + 127. If the carry flag is set (i.e., 1), or the zero flag 
is not, control passes to the next sequential 
instruction. 


if C = 0 OR Z = 1 then 
PC ~ PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNH 
cadd 


Object 
Code Format: 
[ 
11010001 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the sticky bit flag is clear (i.e., 0), the distance from the end of 
this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of -128 
to + 127. If the 
sticky bit flag is set (i.e., 1), control passes to the next sequential 
instruction. 


if ST = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNST 
cadd 


Object 
Code Format: 
[ 
11010000 
1[ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the overflow flag is clear (Le., 0), the distance from the end of 
this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction to 
the target label must be in the range of - 128 to + 127. If the 
overflow 
flag is set (Le., 1), control 
passes to next sequential 


instruction. 


if V = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language Format: 
JNV 
cadd 


Object Code Format: 
[ 
11010101 
] [ 
disp 
] 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the overflow trap flag is clear (Le., 0), the distance from the end 
of this instruction 
to the target 
label is added to the program 
counter, effecting 
the jump. The offset from the end of this in- 
struction 
to the target 
label must be in the range of - 128 to 
+ 127. If the overflow trap flag is set (Le., 1), control passes to 
the next sequential instruction. 


if VT = 0 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JNVT 
cadd 


Object Code Format: 
[ 
11010100 
][ 
disp 
] 


Bytes: 
2 
States: Jump Not Taken: 
4 
Jumps Taken: 
8 


Operation: 
If the sticky bit flag is set (Le., 1), the distance from the end of 
this instruction to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 


the target label must be in the range of - 128 to + 127. If the 
sticky bit flag is clear (Le., 0), control passes to the next sequential 
instruction. 


if ST = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language Format: 
JST 
cadd 


Object Code Format: 
[ 
11011000 
][ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the overflow flag is set (Le., 1), the distance from the end of this 
instruction 
to the target label is added to the program 
counter, 


effecting the jump. The offset from the end of this instruction 
to 


the target label must be in the range of - 128 to + 127. If the 
overflow flag is clear (Le., 0), control passes to the next sequential 
instruction. 


if V = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JV 
cadd 


Object Code Format: 
[ 
11011101 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
If the overflow flag is set (Le., 1), the distance from the end of this 
instruction 
to the target label is added to the program counter, 
effecting the jump. The offset from the end of this instruction 
to 
the target label must be in the range of - 128 to + 127. If the 
overflow 
trap flag is clear (Le., 0), control 
passes to the next 
sequential instruction. 


if VT = 1 then 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
JVT 
cadd 


Object Code Format: 
[ 
11011100 
1 [ 
disp 
1 


Bytes: 
2 
States: Jump Not Taken: 4 
Jump Taken: 
8 


Operation: 
The contents 
of the program 
counter 
(the return 
address) 
is 
pushed onto the stack. Then the distance 
from the end of this 
instruction 
to the target label is added to the program counter, 
effecting the call. The operand may be any address in the entire 
address space. 


SP~SP-2 
(SP) ~pc 
PC~PC 
+ disp 


Assembly 
Language Format: 
LCALL 
cadd 


Object Code Format: 
[ 
11101111 
1 [ 
disp-Iow 
1 [ 
disp-hi 
1 


Bytes: 
3 
States: Onchip stack: 13 
Offchip stack: 16 


Operation: 
The value of the source (rightmost) word operand 
is stored into 
the destination 
(leftmost) operand. 


Assembly 
Language Format: 
DST 
SRC 
LD 
wreg, 
waop 


Object Code Format: 
[ 
101OOOaa 1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
The value of the source (rightmost) 
byte operand 
is stored into 
the destination 
(leftmost) operand. 


(DEST) ~ (SRC) 


Assembly 
Language 
Format: 
DST 
SRC 
LDB 
breg, 
baop 


Object Code Format: 
[ 
1011OOaa 1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2+BEA 
States: 4+CEA 


Operation: 
The value of the source (rightmost) byte operand is sign-extended 
and stored into the destination 
(leftmost) word operand. 


(low byte DEST) +- (SRC) 
if (SRC) < 80H then 
(high byte DEST) +- 0 
else 
(high byte DEST) +- OFFH 
end_if 


Assembly 
Language 
Format: 
DST 
SRC 
LDBSE 
wreg, 
baop 


Object Code Format: 
[ 
101111 aa l[ baop l[ wreg l 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The value of the source (rightmost) byte operand is zero-extended 
and stored into the destination 
(leftmost) word operand. 


(low byte DEST) +- (SRC) 
(high byte DEST) +- 0 


Assembly 
Language Format: 
DST 
SRC 
LDBZE 
wreg, 
baop 


Object Code Format: 
[ 
101011 aa l[ baop l[ wreg l 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
The distance from the end of this instruction 
to the target label 
is added to the program counter, effecting the jump. The operand 
may be any address in the entire address space. 


PC-PC 
+ disp 


Assembly 
Language Format: 
LJMP 
cadd 


Object Code Format: 
[ 
11100111 
1 [ 
disp-Iow 
1 [ 
disp-hi 
1 


Bytes: 
3 
States: 8 


3.13.55. 
MUL (Two Operands) - 
MULTIPLY INTEGERS 


Operation: 
The two INTEGER 
operands 
are mUltiplied using signed 
arith- 
metic and the 32-bit result is stored into the destination 
(leftmost) 
LONG-INTEGER 
operand. The sticky bit flag is undefined 
after 
the instruction is executed. 


Assembly 
Language 
Format: 
DST 
SRC 
MUL 
Ireg, 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
011011 aa 
1 [ 
waop 
1 [ 
Ireg 
1 


Bytes: 
3 + SEA 
States: 29 + CEA 


3.13.56. 
MUL (Three Operands) - 
MULTIPLY INTEGERS 


Operation: 
The second and third INTEGER 
operands 
are mUltiplied using 
signed arithmetic and the 32-bit result is stored into the destination 
(leftmost) INTEGER operand. The sticky bit flag is undefined after 
the instruction is executed. 


(DEST) ~ (SRC1) • (SRC2) 


DST 
SRC1 
SRC2 
Ireg, 
wreg, 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
010011aa 
1 [ 
waop 
1 [ 
wreg 
1 [ 
Ireg 
1 


Bytes: 
4+BEA 
States: 30 + CEA 


3.13.57. 
MULa (Two Operands) - 
MULTIPLY SHORT-INTEGERS 


Operation: 
The two SHORT-INTEGER 
operands are multiplied using signed 
arithmetic and the 16-bit result is stored into the destination 
(left- 
most) INTEGER operand. The sticky bit flag is undefined after the 
instruction is executed. 


Assembly 
Language 
Format: 
DST 
SRC 
MULB 
wreg, 
baop 


Object Code Format: 
[ 
11111110 
1 [ 
011111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
3+BEA 
States: 21 + CEA 


3.13.58. 
MULe 
(Three 
Operands) 
- 
MULTIPLY SHORT-INTEGERS 


Operation: 
The second and third SHORT-INTEGER 
operands are multiplied 


using signed arithmetic 
and the 16-bit result is stored into the 


destination 
(leftmost) 
INTEGER 
operand. 
The sticky bit flag is 


undefined after the instruction is executed. 


Assembly 
Language 
Format: 
DST 
MUlB 
wreg, 


SRC1 
breg 
SRC2 
baop 


Object 
Code Format: 
[ 
11111110 
1 [ 
010111 aa 
1 [ 
baop 
1 [ 
breg 
1 [ 
wreg 
1 


Bytes: 
4 + BEA 
States: 22 + CEA 


3.13.59. 
MULU (Two Operands) 
- 
MULTIPLY WORDS 


Operation: 
The two WORD operands are multiplied using unsigned arithmetic 
and the 32-bit result is stored into the destination (leftmost) DOU- 
BLE-WORD 
operand. 
The sticky bit flag is undefined 
after the 


instruction is executed. 


Assembly 
Language 
Format: 
DST 
SRC 
MUlU 
Ireg, 
waop 


Object 
Code Format: 
[ 
011011 aa 
1 [ 
waop 
1 [ 
Ireg 
1 


Bytes: 
2+BEA 
States: 25 + CEA 


3.13.60. 
MULU (Three Operands) - 
MULTIPLY WORDS 


Operation: 
The second and third WORD operands 
are multiplied using un- 
signed arithmetic and the 32-bit result is stored into the destination 
(leftmost) DOUBLE-WORD 
operand. The sticky bit flag is unde- 
fined after the instruction is executed. 


(DEST)< 
- 
(SRC1) * (SRC2) 


Assembly 
Language Format: 
DST 
SRC1 
SRC2 
MULU 
Ireg, 
wreg, 
waop 


Object Code Format: 
[ 
010011 aa 
1 [ 
waop 
1[ 
wreg 
1[ 
Ireg 
1 


Bytes: 
3 + BEA 
States: 26 + CEA 


Operation: 
The two BYTE operands are multiplied using unsigned arithmetic 
and the WORD result is stored into the destination 
(leftmost) op- 


erand. The sticky 
bit flag is undefined 
after the instruction 
is 
executed. 


Assembly 
Language 
Format: 
DST 
SRC 
MULUB 
wreg, 
baop 


Object Code Format: 
[ 
011111 aa 
1[ 
baop 
1[ 
wreg 
1 


Bytes: 
2+BEA 
States: 
17 + CEA 


3.13.62. 
MULUB (Three 
Operands) 
- 
MULTIPLY BYTES 


Operation: 
The second arid third BYTE operands 
are multiplied 
using un- 


signed arithmetic 
and the WORD result is stored into the desti· 


nation (leftmost) operand. The sticky bit flag is undefined after the 
instruction is executed. 


(DEST) +- (SRC1) • (SRC2) 


Assembly 
Language 
Format: 
DST 
SRC1 
SRC2 
MULUB 
wreg, 
breg, 
baop 


Object 
Code Format: 
[ 
010111 aa 
] [ 
baop 
] [ 
breg 
1 [ 
wreg 
1 


Bytes: 
3 + BEA 
States: 
18 + CEA 


Assembly 
Language 
Format: 
NEG 
wreg 


Object 
Code Format: 
[ 
00000011 
1 [ 
wreg 
1 


Bytes: 
2 


States: 4 


Object Code Format: 
[ 
00010011 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Assembly 
Language 
Format: 
NOP 


Object Code Format: 
[ 
11111101 


Bytes: 
1 
States: 4 


Operation: 
The LONG-INTEGER 
operand is normalized; 
i.e., it is shifted to 


the left until its most significant bit is 1. If the most significant 
bit 
is still 0 after 31 shifts, the process stops and the zero flag is set. 
The number of shifts actually performed 
is stored in the second 


operand. 


(COUNT) ~O 
do while (MSB(DEST) 
= 0) AND ((COUNT) < 31) 
(DEST) ~ (DEST) * 2 
(COUNT) ~ (COUNT) + 1 
end_while 


Assembly 
Language Format: 
NORML 
Ireg,breg 


Object Code Format: 
[ 
00001111 
I[ breg I[ Ireg I 


Bytes: 
3 
States: 8 + No. of shifts performed 


Operation: 
The value of the WORD operand 
is complemented: 
each 
1 is 


replaced with a 0, and each 0 with a 1. 


Object Code Format: 
[ 
00000010 
I[ wreg I 


Bytes: 
2 
States: 4 


Operation: 
The value of the BYTE operand is complemented: 
each 1 is re- 


placed with a 0, and each 0 with a 1. 


Auembly 
Language 
Format: 
NOTB 
breg 


Object Code Format: 
[ 
00010010 
1 [ 
breg 
1 


Bytes: 
2 
States: 4 


Operation: 
The source (rightmost) WORD is ORed with the destination 
(left- 


most) WORD operand. 
Each bit is set to 1 if the corresponding 
bit in either the source operand or the destination 
operand is 1. 
The result replaces the original destination 
operand. 


(DEST) +- (DEST) OR (SRC) 


Auembly 
Language Format: 
DST 
SRC 
OR 
wreg, 
waop 


Object Code Format: 
[ 
100oo0aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The source 
(rightmost) 
BYTE operand 
is ORed with the desti- 


nation (leftmost) 
BYTE operand. 
Each bit is set to 1 if the cor- 


responding 
bit in either the source operand 
or the destination 


operand 
was 
1. The 
result 
replaces 
the original 
destination 


operand. 


Object Code Format: 
[ 
100100aa 
][ 
baop 
][ 
breg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


Operation: 
The word on top of the stack is popped and placed at the desti- 
nation operand. 


(DEST) +- (SP) 
SP +-SP 
+ 2 


Object Code Format: 
[ 
110011 aa 
1[ 
waop 
1 


Bytes: 
1 + BEA 
States: Onchip Stack: 12 + CEA 
Offchip Stack 
14 + CEA 


Operation: 
The word on top of the stack is popped and placed in the PSW. 
Interrupt calls cannot occur immediately following this instruction. 


(PSW) ~(SP) 
SP ~SP 
+ 2 


Assembly 
Language 
Format: 
POPF 


Object Code Format: 
[ 
11110011 


Bytes: 
1 
States: Onchip Stack: 9 
Offchip Stack: 13 


SP ~ 
SP - 
2 
(SP) ~ (DEST) 


Assembly 
Language 
Format: 
PUSH 
waop 


Object Code Format: 
[ 
11001 Oaa 
1[ 
waop 
1 


Bytes: 
1+ BEA 
States: Onchip Stack: 8 + CEA 
Offchip Stack: 12 + CEA 


Operation: 
The PSW is pushed on top of the stack, and then set to all zeroes. 
This implies that all interrupts are disabled. Interrupt-ealls cannot 
occur immediately following this instruction. 


SP~SP 
- 
2 
(SP) ~PSW 
PSW~O 


Assembly 
Language 
Format: 
PUSHF 


Object 
Code Format: 
[ 
11110010 


Bytes: 
1 
States: Onchip Stack: 8 
Offchip Stack: 12 


PC ~(SP) 
SP ~SP 
+ 2 


Assembly 
Language 
Format: 
RET 


Object 
Code Format: 
[ 
11110000 


Bytes: 
1 
States: Onchip Stack: 12 
Offchip Stack: 16 


Operation: 
The PSW is initialized to zero, and the PC is initialized to 2080H. 
The I/O registers are set to their initial value (see section 2.15.2, 
"Reset Status"). 
Executing this instruction will cause a pulse to 
appear on the reset pin of the 8096. 


PSW~O 
PC ~2080H 


Assembly 
Language Format: 
RST 


Object Code Format: 
[ 
11111111 


Bytes: 
1 
States: 
16 


Operation: 
The contents 
of the program 
counter 
(the return 
address) 
is 
pushed onto the stack. Then the distance from the end of this 
instruction 
to the target label is added to the program counter, 
effecting the call. The offset from the end of this instruction to the 
target label must be in the range of - 1024 to + 1023 inclusive. 


SP~SP-2 
(SP) ~PC 
PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language Format: 
SCALL 
cadd 


Object Code Format: 
[ 
00101 xxx 
1[ 
disp-Iow 
1 


Bytes: 
2 
States: Onchip Stack: 13 
Offchip Stack: 16 


Operation: 
The carry flag is set. 


C~1 


Assembly 
Language Format: 
SETC 


Object Code Format: 
[ 
11111001 


Bytes: 
1 
States: 4 


Operation: 
The destination 
(leftmost) word operand is shifted left as many 


times as specified by the count (rightmost) operand. The count 
may be specified either as an immediate value in the range of 0 
to 15 (OFH) inclusive, or as the content of any register. Details 
on indirect shifts can be found in section 3.13. The right bits of 
the result are filled with zeroes. The last bit shifted out is saved 
in the carry flag. 


Temp ~ (COUNT) 
do while Temp <>0 
C ~ 
High order bit of (DEST) 
(DEST) ~ 
(DEST)*2 
Temp ~ Temp - 
1 
end_while 


SHL 
wreg,breg 


Object Code Format: 
[ 
00001001 
1 [ 
cnt/breg 
1 [ 
wreg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
byte operand is shifted left as many 
times as specified 
by the count (rightmost) operand. The count 
may be specified either as an immediate value in the range of 0 
to 15 (OFH) inclusive, or as the content of any register. Details 
on indirect shifts can be found in section 3.13. The right bits of 
the result are filled with zeroes. The last bit shifted out is saved 
in the carry flag. 


Temp ~ (COUNT) 
do while Temp <> 0 
C ~ 
High order bit of (DEST) 
(DEST) ~ (DEST)*2 
Temp ~ Temp - 
1 
end_while 


SHLB 
breg,breg 


Object Code Format: 
[ 
00011001 
I[ cntlbreg 
I[ breg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) double-word operand is shifted left as 


many times as specified by the count (rightmost) operand. The 
count may be specified either as an immediate value in the range 
of 0 to 15 (OFH) inclusive, or as the content of any register. Details 
on indirect shifts can be found in section 3.13. The right bits of 
the result are filled with zeroes. The last bit shifted out is saved 
in the carry flag. 


Temp ~ (COUNT) 
do while Temp <> 0 
C ~ 
High order bit of (DEST) 
(DEST) ~ 
(DEST)*2 
Temp ~ Temp - 
1 
end_while 


SHLL 
Ireg,breg 


00001101 
1 [ 
cntlbreg 
1 [ 
Ireg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) word operand is shifted right as many 
times as specified by the count (rightmost) operand. The count 
may be specified either as an immediate value in the range of 0 
to 15 (OFH) inclusive, or as the content of any register. Details 
on indirect shifts can be found in section 3.13. The left bits of 
the result are filled with zeroes. The last bit shifted out is saved 
to the carry. The sticky bit flag is cleared at the beginning of the 
instruction, 
and set if at any time during the shift a 1 is shifted 
first into the carry flag, and a further shift cycle occurs. 


Temp - 
(COUNT) 
do while Temp <> 0 
C - 
Low order bit of (DEST) 
(DEST) - 
(DEST) I 2 where I is unsigned division 
Temp - 
Temp - 
1 
end_while 


SHR 
wreg,breg 


Object Code Format: 
[ 
00001000 
1 [ 
cnVbreg 
1[ 
wreg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) word operand is shifted right as many 


times as specified qy the count (rightmost) operand. The count 
may be specified either as an immediate value in the range of 0 
to 15 (OFH) inclusive, or as the content of any register. Details 
on indirect shifts can be found in section 3.13. If the original high 
order bit value was 0, zeroes are shifted in. If the value was 1, 
ones are shifted in. The last bit shifted out is saved in the carry. 
The sticky bit flag is cleared at the beginning of the instruction, 
and set if at any time during the shift a 1 is shifted first into the 
carry flag, and a further shift cycle occurs. 


Temp +- (COUNT) 
do while Temp <> 0 
C +- Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where / is signed division 
Temp +- Temp - 
1 
end_while 


SHRA 
wreg,breg 


Object Code Format: 
[ 
00001010 
1 [ 
cnt/breg 
1 [ 
wreg 


By1es: 3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) byte operand is shifted right as many 
times as specified 
by the count (rightmost) operand. The count 


may be specified either as an immediate value in the range of 0 
to 15 (OFH) inclusive, or as the content of any register. Details 
on indirect shifts can be found in section 3.13. If the original high 
order bit value was 0, zeroes are shifted in. If that value was 1, 
ones are shifted in. The last bit shifted out is saved in the carry. 
The sticky bit flag is cleared at the beginning of the instruction, 
and set if at any time during the shift a 1 is shifted first into the 
carry flag, and a further shift cyle occurs. 


Temp ~ 
(COUNT) 
do while Temp <> 0 
C, = Low order bit of (DEST) 
(DEST) ~ (DEST) 12 where lis signed division 
Temp ~ Temp - 
1 
end_while 


SHRAB 
breg,breg 


Object Code Format: 
[ 
00011010 
1 [ 
cntlbreg 
1[ 
breg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) double-word 
operand is shifted right 


as many times as specified 
by the count (rightmost) 
operand. 


The count may be specified either as an immediate value in the 
range of 0 to 15 (OFH) inclusive, or as the content of any register. 
Details on indirect shifts can be found in section 3.13. If the 
original high order bit value was 0, zeroes are shifted in. If the 
value was 1, ones are shifted in. The sticky bit is cleared at the 
beginning of the instruction, and set if at any time during the shift 
a 1 is shifted first into the carry flag, and a further shift cycle 
occurs. 


Temp +- (COUNT) 
do while Temp < > 0 
C +- Low order bit of (DEST) 
(DEST) +- (DEST) /,2 where/is 
signed division 


Temp +- Temp - 
1 
end_while 


SHRAL 
Ireg,breg 


Object Code Format: 
[ 
00001110 
1 [ 
cnt/breg 
1 [ 
Ireg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) byte operand is shifted right as many 
times as specified by the count (rightmost) operand. The count 
may be specified either as an immediate value in the range of 0 
to 15 (OFH) inclusive, or as the content of any register. Details 
on indirect shifts can be found in section 3.13.The left bits of the 
result are filled with zeroes. The last bit shifted out is saved in 
the carry. The sticky bit flag is cleared at the beginning of the 
instruction, 
and set if at any time during the shift a 1 is shifted 
first into the carry flag, and a further shift cycle occurs. 


Temp +- (COUNT) 
do while Temp < > 0 
C +- Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where/is 
unsigned division 
Temp +- Temp - 
1 
end_while 


SHRB 
breg,breg 


Object Code Format: 
[ 
00011000 
1 [ 
cnt/breg 
1 [ 
breg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) double-word 
operand is shifted right 


as many times as specified 
by the count (rightmost) 
operand. 


The count may be specified either as an immediate value in the 
range of 0 to 15 (OFH) inclusive, or as the content of any register. 
Details on indirect shifts can be found in section 3.13. The left 
bits of the result are filled with zeroes. The last bit shifted out is 
saved in the carry. The sticky bit flag is cleared at the beginning 
of the instruction, 
and set if at any time during the shift a 1 is 


shifted first into the carry flag, and a further shift cycle occurs. 


Temp ~ 
(COUNT) 
do while Temp < > 0 
C ~ 
Low order bit of (DEST) 


(DEST) ~ (DEST) / 2 where/is 
unsigned division 


Temp ~ Temp - 
1 
end_while 


SHRL 
Ireg,breg 


Object Code Format: 
[ 
00001100 
1[ 
cntlbreg 
1[ 
Ireg 


Bytes: 
3 
States: 7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The distance from the end of this instruction 
to the target label 
is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the 
range of -1024 
to + 1023 inclusive. 


PC ~ 
PC + disp (sign-extended 
to 16 bits) 


Assembly 
Language 
Format: 
SJMP 
cadd 


Object Code Format: 
[ 
00100xxx 
1 [ 
disp-Iow 
1 


Bytes: 
2 
States: 8 


3.13.89. 
SKIP - 
TWO BYTE NO-OPERATION 


Operation: 
Nothing is done. This is actually a two-byte NOP where the second 
byte can be any value, and is simply ignored. Control passes to 
the next sequential 
instruction. 


Assembly 
Language 
Format: 
SKIP 
breg 


Object Code Format: 
[ 
00000000 
1 [ 
brag 
1 


Bytes: 
2 
States: 4 


Operation: 
The value of the leftmost word operand is stored into the rightmost 
operand. 


(DEST) ~ (SRC) 


Assembly 
Language 
Format: 
SRC 
DST 
ST 
wreg, 
waop 


Object Code Format: 
[ 
110000aa 
1[ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The value of the leftmost byte operand is stored into the rightmost 
operand. 


(DEST) ~ (SRC) 


Assembly 
Language 
Format: 
SRC 
DST 
STB 
breg, 
baop 


Object Code Format: 
[ 
110001 aa 
1[ 
baop 
1 [ 
breg 
1 


Bytes: 
"2+ BEA 
States: 4 + CEA 


Operation: 
The source (rightmost) word operand is subtracted from the des- 
tination (leftmost) word operand, 
and the result is stored in the 


destination. 
The carry flag is set as complement 
of borrow. 


(DEST) +- (DEST) - 
(SRC) 


AHembly 
lIinguage 
Format: 
DST 
SRC 
SUB 
wreg. 
waop 


Object Code Format: 
[ 
01101 Oaa l[ waop l[ wreg l 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The source (rightmost) word operand is subtracted from the sec- 
ond word operand, and the result is stored in the destination 
(the 


leftmost operand). The carry flag is set as complement of borrow. 


(DEST) +- (SRC1) - 
(SRC2) 


DST 
SRC1 
SRC2, 


wreg, 
wreg, 
waop 


Object Code Format: 
[ 
010010aa 
l[ waop l[ Swreg l[ Dwreg l 


Bytes: 
3 + BEA 
States: 5+CEA 


Operation: 
The source 
(rightmost) 
byte is subtracted 
from the destination 
(leftmost) byte operand, and the result is stored in the destination. 
The carry flag is set as complement 
of borrow. 


(DEST) ~ 
(DEST) - 
(SRC) 


Assembly 
Language 
Format: 
DST 
SRC 
SUBB 
breg, 
baop 


Object Code Format: 
[ 
011110aa 
1 [ 
baop 
1[ 
breg 
1 


Bytes: 
2 + BEA 
States: 4+CEA 


3.13.95. 
SUBB (Three Operands) - 
SUBTRACT 
BYTES 


Operation: 
The source (rightmost) byte operand is subtracted from the sec- 
ond byte operand, and the result is stored in the destination (the 
leftmost operand). The carry flag is set as complement of borrow. 


Assembly 
Language Format: 
DST 
SUBB 
breg, 


SRC1 
Sbreg 
SRC2 
baop 


Object Code Format: 
[ 
01011 Oaa 
1 [ 
baop 
1 [Sbreg 
1 [ 
Dbreg 
1 


Bytes: 
3 + BEA 
States: 5 + CEA 


Operation: 
The source (rightmost) word operand is subtracted from the des- 
tination (leftmost) word operand. 
If the carry flag was clear, 1 is 
subtracted from the above result. The result replaces the original 
destination 
operand. 
The carry 
flag is set as complement 
of 
borrow. 


Assembly 
Language 
Format: 
DST 
SRC 
SUBC 
wreg, 
waop 


Object Code Format: 
[ 
10101 Oaa 
1[ 
waop 
1[ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The source (rightmost) byte operand is subtracted from the des- 
tination (leftmost) byte operand. 
If the carry flag was clear, 1 is 
subtracted from the above result. The result replaces the original 
destination 
operand. 
The carry 
flag is set as complement 
of 
borrow. 


Assembly 
Language Format: 
DST 
SRC 
SUBCB 
breg, 
baop 


Object Code Format: 
[ 
10111 Oaa 
1[ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
This instruction causes an interrupt-call which is vectored through 
location 2010H. The operation 
of this instruction 
is not effected 
by the state of the interrupt enable flag in the PSW (I). lnterrupt- 
calls cannot occur immediately 
following this instruction. This in- 
struction is intended for use by Intel provided development 
tools. 


These tools will not support user-application 
of this instruction. 


SP ~SP 
- 
2 
(SP) ~PC 
PC ~ 
(2010H) 


Assembly 
Language Format: 
This instruction 
is not supported 
by revision 1.0 of the 8096 as- 


sembly language. 


Object Code Format: 
[ 
11110111 
1 


Bytes: 
1 
States: Onchip Stack: 21 
Offchip Stack: 24 


Operation: 
The source (rightmost) 
word operand 
is XORed with the desti- 
nation (leftmost) word operand. 
Each bit is set to 1 if the corre- 
sponding 
bit in either the source operand or the destination 
op- 
erand 
was 
1, but not both. 
The 
result 
replaces 
the original 
destination 
operand. 


Assembly 
Language Format: 
DST 
SRC 
XOR 
wreg, 
waop 


Object Code Format: 
[ 
100001 aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The source 
(rightmost) 
byte operand 
is XORed with the desti- 
nation (leftmost) byte operand. 
Each bit is set to 1 if the corre- 
sponding bit in either the source operand or the destination 
op- 
erand 
was 
1, but not both. 
The 
result 
replaces 
the original 
destination 
operand. 


Assembly 
language 
Format: 
DST 
SRC 
XORB 
breg, 
baop 


Object Code Format: 
[ 
100101 aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2+BEA 
States: 4 + CEA 


MCS®,96 Hardware 
Design Information 
4 


CHAPTER 4 
MCS®-96 HARDWARE DESIGN INFORMATION 


4.0. HARDWARE 
INTERFACING 
OVERVIEW 


This section 
of the manual 
is devoted 
to the hardware 
engineer. 
All of the information 
you need to connect the 
correct pin to the correct external circuit is provided. Many 
of the special function pins have different characteristics 
which are under software control, therefore, it is necessary 
to define the system completely 
before the hardware 
is 
wired-up. 


Frequently within this section a specification for a current, 
voltage, or time period is referred to; the values provided 
are to be used as an approximation 
only. The exact spec- 
ification can be found in the latest data sheet for the par- 
ticular part and temperature 
range that is being used. 


4.1. REQUIRED 
HARDWARE 
CONNECTIONS 


Although the 8096 is a single-chip 
microcontroller, 
it still 
requires 
several 
external 
connections 
to make it work. 
Power must be applied, a clock source provided, and some 
form of reset circuitry 
must be present. 
We will look at 
each of these 
areas of circuitry 
separately. 
Figure 4-5 
shows the connections 
that are needed for a single-chip 
system. 


4.1.1. 
Power Supply Information 
Power for 8096 flows through 6 pins; one VCC pin, two 
VSS pins. one VREF (analog VCC), one ANGND (An- 
alog VSS), and one VPD (V Power Down) pin. All six 
of these pins must be connected 
to the 8096 for normal 
operation. 
The VCC pin, VREF pin and VPD pin should 
be tied to 5 volts. When the analog to digital converter 
is being used it may be desirable 
to connect the VREF 


pin to a separate power supply, or at least a separate power 
supply line. 


The two VSS pins should be connected 
together 
with as 
short a lead as possible to avoid problems due to voltage 
drops across the wiring. 
There should be no measurable 
voltage difference 
between VSS I and VSS2. The 2 VSS 
pins and the ANGND 
pin should all be nominally 
at 0 
volts. The maximum current drain of the 8096 is around 
200mA, with all lines unloaded. 


When the analog converter 
is being used, clean, 
stable 
power must be provided to the analog section of the chip 
to assure highest 
accuracy. 
To achieve 
this, 
it may be 
desirable 
to separate 
the analog power supply from the 
digital power supply. The VREF pin supplies 5 volts to 
the analog circuitry and the ANGND pin is the ground for 
this section of the chip. More information 
on the analog 
power supply is in section 4.3.1. 


4.1.2. 
Other Needed Connections 
Several of the pins on the 8096 are used to configure the 
mode of operation. 
The 8096BH has additional 
features 
which make use of some of these pins. See the 8096BH 
data sheet in Chapter 5 for more information. 
In normal 
operation the following pins should be tied directly to the 
indicated power supply. 


PIN 


NMI 


TEST 
EA 


POWER 
SUPPLY 


VCC 


VCC 


VCC (to allow internal execution) 
VSS (to force external execution) 


Although the EA pin has an internal pulldown, 
it is best 
to tie this pin to the desired level if it is not left completely 
disconnected. 
This will prevent induced noise from dis- 
turbing the system. 


4.1.3. 
Oscillator 
Information 
The 8096 requires a clock source to operate. 
This clock 
can be provided to the chip through the XTALI 
input or 
the on-chip oscillator 
can be used. The frequency of op- 
eration is from 6.0 MHz to 12 MHz. 


The on-chip circuitry 
for the 8096 oscillator 
is a single 


stage linear inverter as shown in Figure 4-1. It is intended 
for use as a crystal-controlled, 
positive reactance oscillator 
with external connections 
as shown in Figure 4-2. In this 


application, the crystal is being operated in its fundamental 


XTALl 
XTAL2 


FLOAT 


response mode as an inductive 
reactance 
in parallel res- 


onance with capacitance 
external to the crystal. 


The crystal specifications 
and capacitance 
values (C I and 


C2 in Figure 4-2) are not critical. 
30 pF can be used in 


these positions 
at any frequency 
with good quality crys- 


tals. For 0.5% frequency 
accuracy, the crystal frequency 


can be specified at series resonance 
or for parallel reso- 


nance with any load capacitance. 
(In other words, for that 


degree of frequency accuracy, the load capacitance 
simply 


doesn't matter.) For 0.05% frequency accuracy the crystal 
frequency should be specified for parallel resonance 
with 


25 pF load capacitance, 
if CI and C2 are 30 pF. 


A more in-depth discussion 
of crystal specifications 
and 


the selection of values for C I and C2 can be found in the 
Intel 
Application 
Note, 
AP-155, 
"Oscillators 
for 


Microcontrollers. 
" 


To drive the 8096 with an external 
clock source, 
apply 


the external clock signal to XTALI 
and let XTAL2 float. 


An example 
of this circuit is shown in Figure 4-3. The 


required voltage levels on XTALI are specified in the data 
sheet. The signal on XTALI 
must be clean with good 


solid levels. 
It is important 
that the minimum 
high and 


low times are met. 


There is no specification 
on rise and fall times, but they 


should be reasonably fast (on the order of 30 nanoseconds) 
to avoid having the XTALI pin in the transition range for 
long periods of time. The longer the signal is in the tran- 
sition region, 
the higher the probability 
that an external 


noise glitch could be seen by the clock generator circuitry. 
Noise glitches on the 8096 internal clock lines will cause 
unreliable operation. 


The clock generator provides a 3 phase clock output from 
the XTALI 
pin input. Figure 4-4 shows the waveforms 
of the major internal timing signals. 


PHASE 
A 


(CLKOUTj 


4.1.4. 
Reset Information 
There are minor enhancements 
to the reset sequence for 
the 8096BH. 
See the data sheet in Chapter 5. In order for 


the 8096 to function 
properly 
it must be reset. This is 
done by holding the reset pin low for at least 2 state times 
after the power supply is within tolerance, 
the oscillator 
has stabilized, 
and the back-bias generator has stabilized. 


Typically, 
the back-bias 
generator 
requires 
one milli- 
second to stabilize. 


There are several ways of doing this, the simplest being 
just to connect a capacitor 
from the reset pin to ground. 


The capacitor should be on the order of 1 to 2 microfarads 
for every millisecond 
of reset time required. 
This method 
will only work if the rise time of VCC is fast and the total 
reset time is less than around 50 milliseconds. 
It also may 
not work if the reset pin is to be used to reset other parts 
on the board. An 8096 with the minimum 
required con- 
nections is shown in Figure 4-5. 


The 8096 RESET pin can be used to allow other chips on 
the board to make use of the watchdog timer or the RST 
instruction. 
When this is done the reset hardware 
should 
be a one-shot 
with an open-collector 
output. 
The reset 


pulse going to the other parts may have to be buffered and 
lengthened with a one-shot, since the RESET low duration 
is only two state times. If this is done, it is possible that 
the 8096 will be reset and start running before the other 
parts on the board are out of reset. 
The software 
must 
account for this possible problem. 


A capacitor directly connected 
to RESET cannot be used 
to reset the part if the pin is to be used as an output. If a 
large capacitor is used, the pin will pull down more slowly 
than normal. 
It will continue to pull down until the 8096 
is reset. It could fall so slowly that it never goes below 
the internal switch point of the reset signal (I to 1.5 volts), 
a voltage which may be above the guaranteed switch point 
of external 
circuitry 
connected 
to the pin. A circuit ex- 
ample is shown in Figure 4-6. 


4.1.5. 
Sync Mode 
If RESET is brought high at the same time as or just after 
the rising edge of XTALl, 
the part will start executing 
the 
10 state time RST instruction 
exactly 
6'/2 XTALI 
cycles later. This feature can be used to synchronize 
sev- 
eral MCS-96 devices. 
A diagram of a typical connection 
is shown in Figure 4-7. It should be noted that parts that 


+5 
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SEPARATE 
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NMI 
(1) 
0.11'1 
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ANGND 
EA 
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XTAL2 
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NOTES: 
1. THESE 
CAPACITORS 
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TRACES 
AS THE DIGITAL 
POWER 
SUPPLY 
IF THE 
A TO 0 IS NOT USED. 


~1.0,.1 


start in sync may not stay that way, due to propagation 
delays which may cause the synchronized 
parts to receive 
signals at slightly different times. 


4.1.6. 
Disabling the Watchdog 
Timer 
The watchdog 
timer will pull the RESET pin low when 
it overflows. 
If the pin is being externally 
held above the 
low going threshold, 
the pull-down transistor will remain 
on indefinitely. 
This means that once the watchdog 
ov- 
erflows, 
the part must be reset or RESET must be held 
high indefinitely. 
Just resetting 
the watchdog 
timer will 
not clear the flip-flop which keeps the RESET pull-down 
on. 


The pull-down 
is capable of sinking on the order of 30 
milliamps if it is held at 2.0 volts. This amount of current 
may cause some long term reliability 
problems 
due to 
localized chip heating. 
For this reason, parts that will be 
used in production 
should never have had the watchdog 
timer over-ridden 
for more than a second or two. 


down is on, it should be through a resistor that will limit 
the voltage on RESET to 2.5 volts and the current through 
the pin to 40 milliamps. 


If it is necessary 
to disable the watchdog 
timer for more 


than a brief test the software 
solution of never initiating 


the timer should be used. See Section 2.14. 


4.1.7. 
Power Down Circuitry 
Battery backup can be provided on the 8096 with a I mA 
current 
drain at 5 volts. 
This mode will hold locations 


OFOH through 
OFFH valid as long as the power to the 


VPD pin remains on. The required timings to put the part 
into power-down 
and an overview of this mode are given 


in section 2.4.2. 


A 'key' 
can be written into power-down 
RAM while the 


part is running. 
This key can be checked on reset to de- 


termine if it is a start-up from power-down 
or a complete 


cold start. 
In this way the validity 
of the power-down 


RAM can be verified. The length of this key determines 
the probability 
that this procedure 
will work, 
however, 


there is always 
a statistical 
chance 
that the RAM will 


power up with a replica of the key. 


Under most circumstances, 
the power-fail indicator which 


is used to initiate a power-down 
condition must come from 
the unfiltered, 
unregulated 
section of the power supply. 


The power supply must have sufficient 
storage capacity 


to operate 
the 
8096 
until 
it has 
completed 
its reset 


operation. 


There are 5 types of IJO lines on the 8096. Of these, 2 
are inputs and 3 are outputs. 
All of the pins of the same 


type have the same current/voltage 
characteristics. 
Some 
of the control 
input pins, such as XTALI 
and RESET, 


may have slightly different characteristics. 
These pins are 


discussed in section 4.1. 


While discussing 
the characteristics 
of the IJO pins some 


approximate 
current 
or voltage 
specifications 
will 
be 


given. The exact specifications 
are available in the latest 


version of the 8096 Data Sheet. 


The quasi-bidirectional 
port is both an input and an output 
port. It has three states, low impedance current sink, low 
impedance 
current 
source, 
and high impedance 
current 


source. 
As a low impedance 
current sink, the pin has a 


specification 
of sinking up to around .4 milliamps, 
while 
staying below 0.45 volts. The pin is placed in this con- 
dition by writing a '0' to the SFR (Special Function Reg- 
ister) controlling 
the pin. 


When a 'I' 
is written to the SFR location controlling the 


pin, a low impedance current source is turned on for one 
state time, then it is turned off and the depletion pull-up 
holds the line at a logical 'I' state. The low-impedance pull- 
up is used to shorten the rise time of the pin, and has current 
source capability on the order of 100 times that of the de- 
pletion pull-up. The configuration of a quasi-bidirectional 
port pin is shown in Figure 4-8. 


While the depletion 
mode pull-up is the only device on, 


the pin may be used as an input with a leakage of around 
100 microamps 
from 0.45 volts to VCC. It is ideal for 
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use with ITL 
or CMOS 
chips 
and may even be used 
directly 
with switches, 
however 
if the switch option 
is 


used certain precautions 
should be taken. It is important 
to note that any time the pin is read, the value returned 
will be the value on the pin, not the value placed in the 
control register. This could prevent logical operations on 
these pins while they are being used as inputs. 


4.2.2. 
Quasi-Bidirectional 
Hardware 
Connections 
When using the quasi-bidirectional 
ports as inputs tied to 
switches, 
series resistors may be needed if the ports will 
be written 
to internally 
after the part is initialized. 
The 


amount of current sourced to ground by each pin is typ- 
ically 20 mA or more. Therefore, 
if all 8 pins are tied to 


ground, 
160 mA will be sourced. 
This is equivalent 
to 


instantaneously 
doubling the power used by the chip and 
may cause noise in some applications. 


This potential problem can be solved in hardware or soft- 
ware. In software, 
never write a zero to a pin being used 


as an input. 


In hardware, 
a lK resistor 
in series with each pin will 
limit current to a reasonable 
value without impeding the 


ability 
to override 
the high impedance 
pull-up. 
If all 8 
pins are tied together 
a 120 ohm resistor would be rea- 


sonable. 
The problem 
is not quite as severe when the 


inputs are tied to electronic 
devices instead of switches, 
as most external pull-downs 
will not hold 20 mA to 0.0 


volts. 


If a switch is used on a long line connected 
to a quasi- 


bidirectional 
pin, 
a pull-up 
resistor 
is recommended 
to 
reduce the possibility of noise glitches and to decrease the 
rise time of the line. On extremely 
long lines that are 
handling 
slow signals a capacitor 
may be helpful in ad- 
dition to the resistor to reduce noise. 


4.2.3. 
Input Ports, Analog and Digital 
The high impedance input ports on the 8096 have an input 
leakage 
of a few microamps 
and are predominantly 
ca- 
pacitive loads on the order of 10 pf. The Port 0 pins have 
an additional function when the A to D converter is being 
used. These pins are the input to the A to D converter, 
and as such, are required to provide current to the com- 
parator when a conversion 
is in process. This means that 
the input characteristics 
of a pin will change if a conversion 
is being done on that pin. See section 4.3. I. 


4.2.4. 
Open Drain Ports 
Ports 3 and 4 on the 8096 are open drain ports. There is 
no pull-up when these pins are used as 110 ports. These 
pins have different characteristics 
when used as bus pins 
as described 
in the next section. A diagram of the output 
buffers 
connected 
to ports 3 and 4 and the Bus pins i·s 


shown in Figure 4-9. 


When Ports 3 and 4 are to be used as inputs, or as Bus 
pins, they must first be written with a '1', 
this will put 


the ports in a high impedance mode. When they are used 


as outputs, a pull-up resistor must be used externally. 
The 


sink capability 
of these pins is on the order of 0.4 mil- 


liamps so the total pull-up current to the pin must be less 
than this. A 15k pull-up resistor will source a maximum 
of 0.33 milliamps, 
so it would be a reasonable 
value to 


choose if no other circuits with pullups were connected 
to the pin. 


4.2.5. 
HSO Pins, Control Outputs and Bus 
Pins 
The control 
outputs 
and HSO pins have output buffers 


with the same output characteristics 
as those of the bus 


pins. Included in the category of control outputs are: TXD, 
RXD (in mode 0), PWM, 
CLKOUT, 
ALE, BHE, RD, 


and WR. The bus pins have 3 states: output high, output 
low, and high impedance input. As a high output, the pins 
are specified to source around 200 I-'A to 2.4 volts, but 
the pins can source on the order of ten times that value 
in order to provide fast rise times. When used as a low 
output, the pins can sink around 2 mA at .45 volts, and 
considerably 
more as the voltage increases. 
When in the 


high impedance 
state, the pin acts as a capacitive 
load 


with a few microamps 
of leakage. 
Figure 4-9 shows the 


internal configuration 
.of a bus pin. 


Interfacing the 8096 to analog signal can be done in several 
ways. If the 8096 needs to measure an analog signal the 
A to D converter can be used. Creation of analog outputs 
can be done with either the PWM output or the HSO unit. 
There are differences between the A to D converter on the 
8096 and the 8096BH. See the data sheets in Chapter 5. 


4.3.1. 
Analog Inputs 
The 8096 can have 8 analog inputs and can convert one 
input at a time into a digital value. Each conversion takes 
42 microseconds 
with a 12 MHz signal on XTALI. 
The 


input signal is applied to one of the Port 01Analog Channel 
inputs. Since there is no sample and hold on the A to D, 
the input signal must remain constant over the sampling 
period. 


When a conversion 
takes place, the 8096 compares 
the 


external signal to that of its internal D to A. Based on the 
result of the comparison it adjusts the D to A and compares 
again. Each comparison 
takes 16 state times and requires 


the input to the comparator 
to be charged 
up. 
10 com- 


parisons 
are made during a conversion. 
An additional 
8 


states are used to load and store values. The total number 
of state times 
required 
is 168 for a IO-bit conversion. 


Attempting 
to do other than a IO-bit conversion 
is not 


recommended. 


Since the capacitance 
of the comparator 
input is around 


0.5pf, the sample and hold circuit must be able to charge 
a 5pf (1O*0.5pf) 
capacitor 
without a significant 
voltage 


change. To keep the effect of the sample and hold circuit 
below ± Y2 Isb on a IO-bit converter, 
the voltage on the 


sample 
and hold circuit may vary no more than 0.05% 


(1/2048). 
The capacitor 
connected 
externally 
to the pin should, 


therefore, 
be at least 0.2 JJ.ffor best results. If the external 
signal changes 
slowly 
relative 
to 42 MS, then a larger 
capacitor will work well and also filter out unwanted noise. 
The effective 
capacitance 
of the sample and hold must, 


therefore, 
be at least lOOOpfor 0.01 JJ.f. If there is external 
leakage on the capacitor, 
its value must be increased to 
compensate 
for the leakage. 
At IOJJ.A leakage, 
2.5 mV 
(512048) will be lost from a 0.17 JJ.fcapacitor in 42 MS. 


The converter 
is a 10-bit, successive 
approximation, 
ra- 
tiometric converter, 
so the numerical 
value obtained from 
the conversion 
will be: 
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It can be seen that the power supply levels strongly influ- 
ence the absolute 
accuracy 
of the conversion. 
For this 
reason, 
it is recommended 
that the ANGND 
pin be tied 
to a clean ground, as close to the power supply as possible. 
VREF should be well regulated 
and used only for the A 
to D converter. 
If ratiometric 
information 
is desired, 


VREF can be connected to VCC, but this should be done 
at the power supply not at the chip. It needs to be able to 
source around 10 milliamps. 
Bypass capacitors should be 
used between 
VREF and ANGND. 
ANGND 
should be 


within about a tenth of a volt of VSS and VREF should 
be within 
a few tenths of a volt of VCC. 
A 0.01 
uf 
capacitor 
should be connected 
between the ANGND and 
VBB pins to reduce the noise on VBB and provide the 
highest possible accuracy. 
Figure 4-5 shows all of these 


connections. 


4.3.2. 
Analog Output Suggestions 
Analog outputs can be generated 
by two methods, 
either 
by using the PWM output or the HSO. Either device will 


generate a rectangular 
pulse train that varies in duty cycle 


and (for the HSO only) period. If a smooth analog signal 
is desired as an output, the rectangular 
waveform must be 


filtered. 


In most cases this filtering is best done after the signal is 
buffered to make it swing from 0 to 5 volts since both of 
the outputs are guaranteed 
only to TIL 
levels. A block 


diagram of the type of circuit needed is shown in Figure 
4-10. By proper selection of components, 
accounting for 


temperature 
and power supply drift, a highly accurate 8- 


bit D to A converter 
can be made using either the HSO 


or the PWM output. 
Figure 4-11 shows two typical cir- 


cuits. If the HSO is used the accuracy could be theoret- 
ically extended 
to 16-bits, however 
the temperature 
and 


noise related problems would be extremely hard to handle. 


When driving 
some circuits 
it may be desirable 
to use 


unfiltered 
Pulse Width Modulation. 
This is particularly 


true for motor drive circuits. 
The PWM output can be 


used to generate these waveforms 
if a fixed period on the 


order of 64 uS is acceptable. 
If this is not the case then 


HSO 


OR 


PWM 


HIGH 


IMPEDANCE 


AMP 


the HSO unit can be used. The HSO can generate a var- 
iable waveform with a duty cycle variable in up to 65536 
steps and a period of up to 131 milliseconds. 
Both of these 
outputs produce TIL 
levels. 


The 110 pins on the 8096 are sampled 
and changed 
at 


specific 
times within 
an instruction 
cycle. 
These 
times 
may 
differ 
between 
the 
8096 
and 
the 
8096BH. 
The 
changes 
occur relative 
to the internal 
phases 
shown in 
figure 4-4. Note that the delay from XTALl to the internal 
clocks range from about 30 nS to 70 nS over process and 
temperature. 
Signals generated by internal phases are fur- 
ther delayed 
by 5 to 15 nS. The timings shown in this 
section 
are idealized; 
no propagation 
delay factors have 
been taken into account. Designing a system that depends 
on an 110 pin to change within a window of less than 50 
nanoseconds 
using the information 
in this section is not 
recommended. 


4.4.1. 
HSO Outputs 


Changes 
in the HSO lines are synchronized 
to Timer I. 


All of the external HSO lines due to change at a certain 
value of a timer will change just prior to the incrementing 
of Timer I. This corresponds 
to an internal change during 
Phase B every eight state times. 
From an external per- 
spective the HSO pin should change just prior to the rising 
edge of CLKOUT 
and be stable by its falling edge. In- 
formation 
from the HSO can be latched on the CLKOUT 
falling edge. Internal events can occur anytime during the 
8 state time window. 


Timer 2 is synchronized 
to increment no faster than Timer 
I, so there will always be at least one incrementing 
of 
Timer I while Timer 2 is at a specific value. 


4.4.2. 
HSI Input Sampling 


The HSI pins are sampled internally once each state time. 
Any value on these pins must remain stable for at least I 
full state time to guarantee that it is recognized. 
The actual 
sample occurs at the end of Phase A, which, due to prop- 
agation delay, 
is just after the rising edge of CLKOUT. 


Therefore, 
if information 
is to be synchronized 
to the HSI 
it should 
be latched-in 
on CLKOUT 
falling. 
The time 
restriction applies even if the divide by eight mode is being 
used. If two events occur on the same pin within the same 
8 state time window, 
only one of the events 
will be 
recorded. 
If the events occur on different 
pins they will 
always be recorded, regardless of the time difference. The 
8 state time window, (ie. the amount of time during which 
Timer 
I remains 
constant), 
is stable to within about 20 
nanoseconds. 
The window starts roughly around the rising 
edge of CLKOUT, 
however this timing is very approxi- 
mate due to the amount of internal circuitry involved. 


4.4.3. 
Standard I/O Port Pins 


Port 0 is different from the other digital ports in that it is 
actually part of the A to D converter. 
The port is sampled 
once every 8 state times, the same frequency at which the 
comparator 
is charged-up 
during an A to D conversion. 


This 8 state times counter is not synchronized 
with Timer 
1. If this port is used the input signal on the pin must be 
stable 8 state times prior to reading the SFR. 


Port I and Port 2 have quasi-bidirectional 
110 pins. When 
used as inputs the data on these pins must be stable one 
state time prior to reading the SFR. This timing is also 
valid for the input-only pins of Port 2 and is similar to the 
HSI in that the sample occurs just after the rising edge of 
CLKOUT. 
When used as outputs, the quasi-bidirectional 
pins will change state shortly after CLKOUT falls. If the 
change was from '0' to a 'I' the low impedance pull-up will 
remain on for one state time after the change. 


Ports 3 and 4 are addressed 
as off-chip memory-mapped 
110. The port pins will change state shortly after the rising 
edge of CLKOUT. 
When these pins are used as Ports 3 
and 4 they are open drain, their structure is different when 
they are used as part of the bus. See Section 2.12.4. 


The serial port on the 8096 was designed to be compatible 
with the 8051 serial port. Since the 8051 uses a divide by 
2 clock and the 8096 uses a divide by 3, the serial port 
on the 8096 had to be provided with its own clock circuit 
to maximize its compatibility 
with the 8051 at high baud 
rates. This means that the serial port itself does not know 
about state times. There is circuitry which is synchronized 
to the serial port and to the rest of the 8096 so that in- 
formation can be passed back and forth. 


The baud rate generator 
is clocked by either XTALl 
or 
T2CLK, because T2CLK needs to be synchronized 
to the 
XTALI 
signal its speed must be limited to 
1/16 that of 
XTALl. 
The serial port will not function during the time 
between the consecutive 
writes to the baud rate register. 


Section 2.11.4 discusses programming 
the baud rate gen- 
erator. 


4.5.1. 
Mode 0 


Mode 0 is the shift register 
mode. The TXD pin sends 
out a clock train, while the RXD pin transmits or receives 
the data. Figure 4-12 shows the waveforms 
and timing. 


Note that the port starts functioning 
when a 'I' 
is written 
to the REN (Receiver Enable) bit in the serial port control 
register. If REN is already high, clearing the RI flag will 
start a reception. 


In this mode the serial port can be used to expand 
the 
110 capability of the 8096 by simply adding shift registers. 
A schematic of a typical circuit is shown in Figure 4-13. 
This circuit inverts the data coming in, so it must be re- 
inverted in software. The enable and latch connections 
to 
the shift registers can be driven by decoders, 
rather than 
directly from the low speed 110 ports, if the software and 
hardware 
are properly designed. 


4.5.2. 
Mode 1 Timings 


Mode I operation 
of the serial port makes use of 10-bit 
data packages, 
a start bit, 8 data bits and a stop bit. The 


transmit and receive functions 
are controlled 
by separate 


shift clocks. The transmit shift clock starts when the baud 
rate generator is initialized, 
the receive shift clock is reset 
when a 'I to 0' transition (start bit) is received. The trans- 
mit clock may therefore 
not be in sync with the receive 


clock, although they will both be at the same frequency. 


The TI (Transmit 
Interrupt) 
and RI (Receive 
Interrupt) 


flags are set to indicate when operations 
are complete. TI 


is set when the last data bit of the message has been sent, 
not when the stop bit is sent. If an attempt to send another 
byte is made before the stop bit is sent the port will hold 
off transmission 
until the stop bit is complete. 
RI is set 
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when 8 data bits are received, 
not when the stop bit is 


received. 
Note that when the serial port status register is 


read both TI and RI are cleared. 


for transmit and receive). 
If the receiving processor does 


not wait for one bit time after RI is set before starting to 
transmit, the stop bit on the link could be squashed. 
This 


could cause a problem for other devices listening on the 
link. 
Caution should be used when using the serial port to con- 
nect more than two devices in half-duplex, 
(ie. one wire 
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4.5.3. 
Mode 2 and 3 Timings 
Modes 2 and 3 operate in a manner similar to that of mode 
I. The only difference 
is that the data is now made up of 
9 bits, so ll-bit 
packages 
are transmitted 
and received. 
This means that TI and RI will be set on the 9th data bit 
rather than the 8th. The 9th bit can be used for parity or 
multiple processor communications 
(see section 2.11). 


4.6. BUS TIMING AND MEMORY 
INTERFACE 


4.6.1. 
Bus Functionality 


The 8096 has a multiplexed 
(address/data) 
16 bit bus. The 
8096BH has a more flexible bus structure. See the 8096BH 
data sheet in Chapter 5. There are control lines provided 


Timings The Memory System Must Meet 


TLL YH - 
ALE low to READY 
high: Maximum 
time 
after ALE falls until READY 
is brought high to ensure 
no more wait states. If this time is exceeded 
unexpected 
wait states may result. 
Nominally 
I Tosc + 3 Tosc* 
number of wait states desired. 


TLL YV - 
ALE low to READY VALID: Maximum time 
after ALE falls until READY must be valid. If this time 
is exceded the part could malfunction 
necessitating 
a chip 
reset. Nominally 
2 Tosc periods. 


TYLYH - 
READY low to READY high: Maximum time 
the part can be in the not-ready 
state. If it is exceeded, 


the 8096 dynamic nodes which hold the current instruction 
may 'forget' 
how to finish the instruction. 


TAVDV - 
ADDRESS 
valid to DATA valid: Maximum 
time that the memory 
has to output valid data after the 
8096 outputs a valid address. 
Nominally, 
a maximum of 
5 Tosc periods. 


TRLDV - 
READ low to DATA valid: Maximum 
time 
that the memory has to output data after READ goes low. 
Nominally, 
a maximum 
of 3 Tosc periods. 


TRXDZ 
- 
READ not low to DATA float: Time after 
READ is no longer low until the memory must float the 
bus. The memory signal can be removed as soon as READ 
is not low, and must be removed 
within 
the specified 
maximum 
time. 


Nominally, 
a maximum 
of I Tosc period. 


Timings the 8096 Will Provide 


TCHCH - 
CLKOUT high to CLKOUT high: The period 
of CLKOUT 
and the duration of one state time. Always 
3 Tosc average, 
but individual 
periods could vary by a 
few nanoseconds. 


TCHCL - 
CLKOUT 
high to CLKOUT 
low: Nominally 
I Tosc period. 


TCLLH - 
CLKOUT low to ALE high: A help in deriving 
other timings, 
typically plus or minus 5 to 10 ns. 


TLLCH - 
ALE low to CLKOUT 
high: Used to derive 
other timings, 
nominally 
I Tosc period. 


TLHLL 
- 
ALE high to ALE low: ALE pulse width. 


Useful in determining ALE rising edge to ADDRESS valid 
time. Nominally 
I Tosc period. 


TAVLL - 
ADDRESS 
valid to ALE low: Length of time 
ADDRESS 
is valid before ALE falls. Important 
timing 
for address latch circuitry. 
Nominally 
I Tosc period. 


TLLAX 
- 
ALE low to ADDRESS 
invalid: 
Length 
of 
time ADDRESS is valid after ALE falls. Important timing 
for address latch circuitry. 
Nominally 
I Tosc period. 


TLLRL - 
ALE low to READ or WRITE 
low: Length 
of time after ALE falls before RD or WR fall. Could be 
needed to ensure that proper memory decoding takes place 
before it is output enabled. 
Nominally 
I Tosc period. 


TRLRH - 
READ low to READ high: RD pulse width, 


nominally 
I Tosc period. 


TRHLH - 
READ high to ALE high: Time between RD 
going inactive and next ALE, also used to calculate time 
between 
RD inactive 
and next ADDRESS 
valid. 
Nom- 
inally I Tosc period. 


TWLWH - 
WRITE 
low to WRITE 
high: Write pulse 
width, nominally 
2 Tosc periods. 


TQVWX - 
OUTPUT valid to WRITE not low: time that 
the OUTPUT 
data is valid before WR starts to go high. 


Nominally 
2 Tosc periods. 


TWXQX - 
WRITE not low to OUTPUT not valid: Time 
that the OUTPUT 
data is valid after WR starts to rise. 


Nominally 
I Tosc period. 


TWXLH - 
WRITE not low to ALE high: Time between 
write starting to rise and next ALE, also used to calculate 
the time between WR starting to rise and next ADDRESS 
valid. Nominally 
2 Tosc periods. 


to demultiplex 
the bus (ALE), 
indicate 
reads or writes 


(RD, 
WR), 
indicate 
if the access 
is for an instruction 


(lNST), 
and separate 
the bus into high and low bytes 


(BHE, ADO). Section 2.3.5 contains an overview of the 
bus operation. 


4.6.2. Timing Specifications 
Figure 4-14 shows the timing of the bus signals and data 
lines. Since this is a new part, the exact timing specifi- 
cations 
are subject to change, 
please refer to the latest 


8096 data sheet to ensure that your system is designed to 
the proper specifications. 
The major timing specifications 


are described 
in Figure 4-15. 


4.6.3. 
READY Line Usage 
When the processor has to address a memory location that 
cannot respond within the standard specifications 
it is nec- 


essary to use the READY 
line to generate 
wait states. 
When the READY 
line is held low the processor 
waits 
in a loop for the line to come high. There is a maximum 
time that the READY line can be held low without risking 
a processor malfunction 
due to dynamic nodes that have 
not been refreshed 
during 
the wait states. 
This time is 


shown as TYLYH in the data sheet. 


In most cases the READY 
line is brought low after the 


address is decoded 
and it is determined 
that a wait state 


is needed. 
It is very likely that some addresses, 
such as 


those addressing memory mapped peripherals, 
would need 


wait states, and others would not. The READY line must 
be stable within the TLLYV specification 
after ALE falls 


(or the TYVCL before CLKOUT 
falls) or the processor 


could 
lock-up. 
There 
is no 
requirement 
as to when 
READY may go high, as long as the maximum READY 
low time (TYL YH) is not violated. 
To ensure that only 


one wait state is inserted it is necessary to bring READY 
high TLL YH after the falling edge of ALE. 


4.6.4. 
INST Line Usage 
The INST (Instruction) 
line is high during the output of 


an address that is for an instruction stream fetch. It is low 
during the same time for any other memory 
access. 
At 
any other time it is not valid. This pin is not present on 
the 48-pin versions. 
The INST signal can be used with 
a logic analyzer 
to debug 
a system. 
In this way it is 
possible to determine 
if the fetch was for instructions 
or 


data, making the task of tracing the program much easier. 


4.6.5. 
Address Decoding 
The multiplexed 
bus of the 8096 must be demuhiplexed 
before it can be used. This can be done with 2 74LS373. 
transparent 
latches. 
As explained 
in section 
2.3.5, 
the 
latched address signal will be referred to as MAD through 
MAI5. 
(Memory 
Address), 
and the data lines will be 
called MDO through MDI5, 
(Memory Data). 


Since the 8096 can make accesses to memory for either 
bytes or words it is necessary to have a way of determining 
the type of access desired. 
The BHE and MAD lines are 


used for this purpose. 
BHE must be latched, as it is valid 
only when the address 
is valid. The memory 
system is 


typically set up as 32K by 16, instead of 64K by 8. When 
the BHE line is low, the upper byte is enabled. 
When 
MAO is low, the lower byte is enabled. 
When MAD is 


low and BHE is low, both bytes are enabled. 


When external 
RAM and EPROM 
are both used in the 
system the control logic can be simplified a little to some 
of the addresses. 
The 8096 will always output BHE to 
indicate if a read is of the high byte or the low byte, but 
it discards the byte it is not going to use. It is therefore 
possible 
to use the BHE and MAD lines only to control 
memory writes, and to ignore these lines during memory 
reads. Figure 4-16 and 4-17 show block diagrams of two 
memory 
systems, 
an external 
EPROM 
only system and 
a RAM/ROM 
system. 


4.6.6. 
System Verification 
Example 
To verify that a system such as the one in Figure 4-17 will 
work with the 8096, 
it is necessary 
to check all of the 


Therefore, 
in the worst case, 
ALE would occur 
10 ns 


before Address valid. 


liming parameters. 
Let us examine 
this system one pa- 


rameter at a time using the proposed 8096 specifications. 
These specifications 
will be different for each part number 
and temperature 
range, so the results of this example must 
be modified 
based on the most recent data sheet for the 
specific part to be used. 


Total delay from 8096 Address 
stable to MA (Memory 


Address) stable would be: 


The timings of signals that the processor and memory use 
are effected by the latch and buffer circuitry. The timings 
of the signal provided 
by the processor 
are delayed 
by 
various 
amounts 
of time. 
Similarly, 
the signals coming 
back from the memory are also delayed. The calculations 
involved in verifying this system follow: 


ALE delay from address 
- 10 


74LS373 clock to output 
30 


20 nanoseconds 


The address lines are delayed by passing them through 
the 74LS373s, 
this delay is specified 
at 18ns after 
Address is valid or 30ns after ALE is high. Since the 
signal may be limited by either the ALE timing or the 
Address timing, these two cases must be considered. 


In the worst case, the delay in Address 
valid is 


controlled 
by ALE and has a value of 20 nano- 


seconds. 


Delay of Data Transfer to/from Processor - 
12 


nanoseconds 


Minimum ALE pulse width = 
Tosc-1O 


(TLHLL) 


Minimum 
Addr set-up to ALE falling = 
Tosc-20 
(TAVLL) 


PR 
0 


CLR 
Q 


74LS 
74 


The RD low to Data valid specification 
(TRLDV) 
is 


3 Tosc-50, 
(200 ns at 12 MHz). The 74LS245 is en- 
abled by RD and has a delay of 40 ns from enable. 
The enable delay is clearly not a problem. 


The 74LS245 
is enabled for write, except during a read, 


so there is no enable delay to consider for write operations. 


AO- 
A7- 
A6 
A14 


LOWER 


BYTE 
OF 


MEMORY 


(EVEN 


LOCATIONS) 


The Data In to Data Out delay of the 74LS245 
is 
12 ns. 


Latched BHE is delayed by the inverter on ALE and 
the 74LS74. 


74LS04 delay (Output low to high) 
= 22 
74LS74 delay (Clock to Output) 
= 40 


Delay of Latched BHE from ALE falling 
= 62 


nanoseconds 


The 74LS74 requires data valid for 20 ns prior to the 
clock, 
the 8096 
will have 
BHE stable Tosc-20 
ns 


(TAVLL, 63 ns at 12 MHz) prior to ALE falling. There 
is no problem here. 


MAO is valid prior to ALE falling, 
since the 20 ns 


Address Delay is less than TAVLL. 


WR will fall no sooner than Tosc-20 ns (TLLRL, 63 
ns at 12 MHz) after ALE goes low. It will therefore 
be valid just after the Latched BHE is valid, so it is 
the controlling 
signal. 


WR High and WR Low are valid 15 ns after MAO, 
Latched BHE and WR are valid. Since WR is the last 
signal to go valid, the delay of WR (High and Low) 
to memory is 15 ns. 


Delay Summary 
- 
Address Delay 
Data Delay 
WR Delay 
RD Delay 


= 20 ns 


12 ns 
15 ns 
o ns 


Characteristics 
of a 12 MHz 8096 system 
with latches: 


Address valid to Data in; 


TAVDV 
386.6 ns max. (5 Tosc-30) 


Address Delay 
- 
20.0 ns maximum 
Data Delay 
- 
12.0 ns maximum 


354.6 ns maximum 


TRLDV 
RD Delay 
Data Delay 


200.0 ns max. (3 Tosc-50) 
- 
00.0 ns maximum 
- 
12.0 ns maximum 


188.0 ns maximum 


Address valid to Control; 


TLLRL 
TAVLL 
Address Delay 
WR Delay 


Write Pulse Width; 


TWLWH 
Rising WR Delay : 
Falling WR Delay: 


63.3 ns min. (Tosc-20) 
63.3 ns min. (Tosc-20) 
20.0 ns maximum 
00.0 ns minimum 
(no spec) 


101.6 ns minimum 


151.6 ns min. (2 Tosc-15) 


- 
15.0 ns maximum 
00.0 ns minimum (no spec) 


146.6 ns minimum 


Data Setup to WR rising; 


TQVWX 
136.6 ns min. (2 Tosc-30) 


Data Delay 
- 
12.0 ns maximum 
WR Delay 
00.0 ns minimum 
(no spec) 


124.6 ns minimum 


TWXQX 
Data Delay 
WR Delay 


58.3 ns min. (Tosc-25) 


0.0 ns minimum 
(no spec) 


15.0 ns maximum 


43.3 ns minimum 


The two memory devices which are expected 
to be used 
most often with the 8096 are the 2764 EPROM and the 
2128 RAM. The system verification forthe 2764 is simple. 


2764 Tac 


(Address valid to Output) < Address valid to Data in 
250 ns < 354 ns 
O.K. 


2764 Toe 


(Output Enable to Output) < Read low to Data in 
100 ns < 188 ns 
O.K. 


These calculations 
assume no address decoder delays and 
no delays on the RD (OE) line. If there are delays in these 
signals the delays must be added to the 2764's 
timing. 


The read calculations 
for the 2128 are similar to those for 
the 2764. 


2128-20 Tac < Address valid to Data in 
200 ns < 354 ns 
O.K. 


2128-20 Toe < Read low to Data in 
65 ns < 188 ns 
O.K. 


The write calculations 
are a little more involved, 
but still 


straight-forward. 


2128 Twp (Write Pulse) < Write Pulse Width 


100 ns < 146 ns 
O.K. 


2128 Tds (Data Setup) < Data Setup to WR rising 
65 ns < 124 ns 
O.K. 


2128 Tdh (Data Hold) < Data Hold after WR 
o ns < 43 ns 


All of the above calculations 
have been done assuming 
that no components 
are in the circuit 
except 
for those 
shown in Figure 4-17. If additional components are added, 
as may be needed for address decoding or memory bank 
switching, 
the calculations 
must be updated to reflect the 
actual circuit. 


4.6.7. 
1/0 Port Reconstruction 
When a single-chip system is being designed using a mul- 
tiple chip system as a prototype, 
it may be necessary to 


reconstruct 
110 ports 3 and 4 using a memory-mapped 
110 technique. 
The circuit shown in Figure 4-18 provides 


this function 
on the iSBE-96 
emulator 
board. 
It can be 
attached to any 8096 system which has the required ad- 
dress decoding and bus demultiplexing. 


The output circuitry is basically just a latch that operates 
when IFFEH or IFFFH are placed on the MA lines. The 


inverters 
surrounding 
the latch create an open-collector 


output to emulate the open-drain output found on the 8096. 
The 'reset' 
line is used to set the ports to all I's when the 


8096 is reset. 
It should 
be noted that the voltage 
and 
current characteristics 
of this port will differ from those 


of the 8096, but the basic functionality 
will be the same. 


The input circuitry 
is just a bus transceiver 
that is ad- 


dressed at IFFEH or IFFFH. 
If the ports are going to be 


used for either input or output, but not both, some of the 
circuitry can be eliminated. 


Designing 
controllers 
differs from designing 
other com- 


puter equipment 
in the area of noise protection. 
A micro- 


controller 
circuit 
under 
the hood of a car, in a photo- 


copier, CRT terminal, 
or a high speed printer is subject 


to many types of electrical 
noise. 
Noise can get to the 


processor directly through the power supply, or it can be 
induced onto the board by electromagnetic 
fields. It is also 


possible 
for the pc board 
to find itself in the path of 


electrostatic discharges. 
Glitches and noise on the pc board 


can cause the processor 
to act unpredictably, 
usually by 


Wifi:OW 
OUTPUT 


ClK 


8 
74lS 
8 
8 
74lS 
74lS 
MDO-MD7 
04 
05 
P3 
(Xl'f.z) 
273 
(xl'f.zj 
ClR 


WRHIGH 


ClK 


8 
74lS 
8 
8 
74lS 
MD&-MD15 
04 
74lS 
05 
P4 


(xl'f.zj 
273 
(Xl'f.zj 
ClR 


RESET 
INPUT 


ADDR = P3, P4 


RD 


ADO-AD7 


changing 
either 
the memory 
locations 
or the program 
counter. 


There are both hardware 
and software solutions to noise 
problems, 
but the best solution 
is good design practice 
and a few ounces of prevention. 
The 8096 has a watchdog 
timer which will reset the part if it fails to execute 
the 
software properly. The software should be set up to take 
advantage of this feature. 


It is also recommended 
that unused areas of code be filled 
with Naps 
and periodic jumps to an error routine or RST 
(reset chip) instructions. 
This is particularly 
important in 
the code around lookup tables, since if lookup tables are 
executed 
all sorts of bad things can happen. 
Wherever 
space allows, each table should be surrounded by 7 Naps 
(the longest 8096 instruction 
has 7 bytes) and a RST or 
jump to error routine instruction. 
This will help to ensure 
a speedy recovery 
should the processor 
have a glitch in 
the program flow. 


Many hardware solutions exist fo~ keeping pc board noise 
to a minimum. 
Ground planes, gridded ground and VCC 
structures, 
bypass 
capacitors, 
transient 
absorbers 
and 
power busses with built-in capacitors 
can all be of great 
help. It is much easier to design a board with these features 


than to try to retrofit them later. Proper pc board layout 
is probably the single most important and, unfortunately, 
least understood aspect of project design. Minimizing loop 
areas and inductance, 
as well as providing clean grounds 
are very 
important. 
More 
information 
on protecting 
against noise can be found in the Intel Application 
Note 
AP-125, 
"Designing 
Microcontroller 
Systems For Noisy 
Environments. " 


4.8. PACKAGING 
PINOUTS AND 
ENVIRONMENT 


The MCS-96 
family of products is offered in many ver- 
sions. They are available 
in 48-pin or 68-pin packages, 


Romless, with EPROM or with ROM, and with or without 
an A to D converter. 
A summary of the available options 
is shown in Figure 4-19. 


The 48-pin versions are available in a ceramic 48-pin DIP 
(Dual In-Line) package. 


The 68-pin versions 
are available 
in a ceramic 
pin grid 
array, and a plastic leaded chip carrier. 


Specifications 
for the various 
members 
of the MCS-96 
family are contained 
in the next chapter. 


ROMLESS 
WITH ROM 
WITH EPROM 


58-pin 
48-pin 
58-pin 
48-pin 
58-pin 
48-pin 


Without 
A to D 
8096 
8094 
8396 
8394 
8796 
8794 


With A to D 
8097 
8095 
8397 
8395 
8797 
8795 
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_ 839X: an 809X with 8K Bytes of On-chip ROM 
_ High Speed Pulse I/O 
- 
232 Byte Register File 
_ 10-blt AID Converter 
- 
Memory-to-Memory 
Architecture 
_ 6.5 p.8ec 16 x 16 Multiply 
- 
Full Duplex Serial Port 
- 
6.5 p.8ec 32/16 Divide 
- 
Five 8-bit I/O Ports 
_ 8 Interrupt Sources 
- 
Watchdog Timer 
_ Pulse-Width 
Modulated 
Output 
- 
Four 16-bit Software Timers 


The MCss-96 
family of 16-bit microcontrollers 
consists of 8 members, all of which are designed for high-speed 


control functions. 


The CPU supports 
bit, byte, and word operations. 
32-bit double-words 
are supported 
for a subset 
of the 


instruction 
set. With a 12 MHz input frequency 
the 8096 can do a 16-bit addition in 1.0 p.S9Cand a 16 x 16- 


bit multiply or 32116-bit divide in 6.5 p.Sec. Instruction execution times average 1 to 2 p.Secin typical applications. 


Four high-speed 
trigger inputs are provided to record the times at which external events occur. Six high-speed 


pulse generator outputs are provided to trigger external events at preset times. The high-speed 
output unit can 


simultaneously 
perform timer functions. 
Up to four such 16-bit Software Timers can be in operation 
at once. 


An on-chip 
AID Converter 
converts 
up to 4 (in the 48-pin version) or 8 (in the 68-pin version) 
analog 
input 


channels to 10-bit digital values. This feature is only available on the 8095-90/8395-90 
and 8097-90/8397-90. 


POWER 
FREOUENCY 


VREF 
ANGND 
DOWN 
REFERENCE 
r - - -- 
- -- 
- - ----~~L:K-~-- 
- - :B~E-~ 


GEN 
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18396) 
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PWM/P2.5 


WR 
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READY 
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VREF 
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48 
RESET 


47 
EXTINT 
P2.2 


46 
VPD 
45 
VREF 


44 
ANGND 


43 
ACH4/PO 4 


42 
ACH5IPO.5 
41 
ACH7/PO.7 


40 
ACH6/PO.6 


39 
EA 


38 
VCC 
37 
VSS 


36 
XTAL1 


35 
XTAL2 


34 
ALE 


33 
AD 


32 
ADO/P3.0 


31 
AD1/P31 


30 
AD2IP3.2 
29 
AD3/P3.3 
28 
AD4/P3.4 


27 
AD5/P3.5 
26 
AD6/P3.6 
25 
AD7/P3.7 


Figure 1 shows a block diagram of the MCS-96 part~ 
generally 
referred to as the 8096. The 8096 is avail 


able in 48-pin and 68-pin packages, with and witho~ 
AiD, and with and without on-chip 
ROM. The MCS 


96 numbering 
system is shown below: 


OPTIONS 
58-PIN 
48-PIN 


DIGITAL 
ROMLESS 
8096-90 
8094-90 


1/0 
ROM 
8396-90 
8394-90 


ANALOG 
ROMLESS 
8097-90 
8095-90 
AND 
DIGITAL 
I/O 
ROM 
8397-90 
8395-90 


Figures 2, 3 and 4 show the pinouts for the 48- and 
68-pin 
packages. 
The 48-pin 
version 
is offered 
in 


Dual-In-Line 
package while the 68-pin version comes 


in a Plastic Leaded Chip Carrier and a Pin Grid Array. 


ADOIP3.0 
AD11P3.1 
AD2IP3.2 
AD3IP3.3 
AD4IP3.4 
AD5IP3.5 
AD6IP3.8 
AD71P3.7 
AD8IP4.0 
AD9/P4.1 
AD101P4.2 
ADl11P4.3 
AD121PU 
AD131P4.5 
AD14/P4.6 
ADl51P4.7 
T2CLKJP2.3 
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Pins Facing Down 


17 
15 
13 
11 
9 
7 
5 
3 
1'" 


18 
19 
16 
14 
12 
10 
8 
6 
4 
2 
68 


20 
21 
67 
66 


22 
23 
MCSill-96 
65 
64 


24 
25 
68-PIN 
63 
62 
GRID ARRAY 
26 
27 
61 
60 


28 
29 
TOP VIEW 
59 
58 
Looking Down on 
30 
31 
Component 
Side 
57 
56 


32 
33 
of PC Board. 
55 
54 


34 
36 
38 
40 
42 
44 
46 
48 
50 
53 
52 
35 
37 
39 
41 
43 
45 
4' 
49 
51 
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PLCC 
Description 
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PLCC 
Description 
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Description 
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FUNCTIONAL 
OVERVIEW 


The following 
section is an overview of the 8096, the 
generic part number used to refer to the entire MCS- 
96 product family. Additional 
information 
is available 
in the 
Microcontroller 
Handbook, 
order 
number 
210918·003. 


CPU Architecture 


The 8096 has 64 Kbyte addressability 
and uses the 
same address space for both program and data mem- 
ory, except in the address 
range from OOHthrough 
OFFH. Data fetches 
in this range are always to the 
Register File, while instruction fetches from these 10- 
eations are directed to external memory. 
(Locations 
DOH through OFFH in external memory are reserved 
for Intel development 
systems). 


Within the Register 
File, locations OOHthrough 
17H 
are register 
mapped 
I/O control 
registers, 
also re- 
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POWER·DOWN 
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10 PORT 
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ferred to as Special Function Registers (SFRs). The 
rest of the Register 
File (018H through OFFH) con- 


tains 232 bytes of RAM, which can be referenced as 
bytes, words, 
or double-words. 
This register space 
allows the user to keep the most frequently-used 
var- 
iables in on-chip RAM, which can be accessed faster 
than external memory. Locations OFOHthrough OFFH 
can be preserved 
during power down if power is ap- 
plied to the VPD pin. 


Outside 
of the register 
file, program 
memory, 
data 
memory, and peripherals 
can be intermixed. The ad- 


dresses with special significance 
are: 


DOOOH 
0018H 
1FFEH 
2000H 
2012H 
2080H 


Register-mapped 
I/O (SFRs) 


Stack Pointer 
Ports 3 and 4 
Interrupt Vectors 
Factory Test Code 
Reset Location 


0017H 
0019H 
1FFFH 
2011H 
207FH 


EXTERNAL 
MEMORY 
o. 
10 


INTERNAL 
PROGR ••.•• 
STOAAGE 
ADM 


FACTORY 
TEST CODE 


• 
INTERRUPT 
VECTOAS 
0 


PORT •• 
PORT 3 


EXTERNAL 
MEMORY 
o. 
10 


INTERNAL 
RAM 
REGISTER FilE 
STACK POINTER 
SPECIAL 
FUHCTIOH REGISTERS 


(WHEN ACCESSED 
AS 
DATA MEMOAY) 
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The 839x carries 8K bytes of on-chip ROM, occupying 
addresses 
2000H through 3FFFH. Instruction or data 
fetches 
from 
these 
addresses 
access 
the on-chip 
ROM if the EA pin is externally 
held at a logical 1. If 
the EA pin is at a logical 0 these addresses 
access 
off-chip memory. 


A memory 
map for the MCS-96 
product 
family 
is 
shown in Figure 5. 


The RALU (Register/ALU) 
section consists of a 17- 


bit ALU, 
the 
Program 
Status 
Word, 
the 
Program 
Counter, and several temporary 
registers. A key fea- 
ture of the 8096 is that it does not use an accumulator. 
Rather, it operates directly on any register in the Reg- 
ister File. Being able to operate 
directly 
on data in 
the Register 
File without 
having to move it into and 
out of an accumulator 
results in a significant improve- 
ment in execution 
speed. 


In addition to the normal arithmetic 
and logical func- 
tions, the MCS-96 instruction set provides the follow- 
ing special features: 


6.5 /.LS Multiply and Divide 
Multiple Shift Instructions 
3 Operand 
Instructions 
Normalize 
Instruction 
Software 
Reset Instruction 


All operations on the 8096 take place in a set number 
of "State Times." 
The 8096 uses a three-phase 
in- 


HSI.O 
HSI.l 
HSI.2 
HSI.3 
LHITOLO 


I 
••••r 
LO TO HI 


Jl..IU1J1.I1... 


EVERY EIGHTH POSITIVE 
TRANSITION 


ternal clock, so each state time is 3 oscillator periods. 
With a 12 MHz clock, each state time requires 0.25 
microseconds. 


High Speed I/O Unit (HSIO) 


The HSIO unit consists of the High Speed Input Unit 
(HSI), 
the 
High 
Speed 
Output 
Unit 
(HSO), 
one 
counter 
and one timer. "High 
Speed" 
denotes 
that 
the units can perform functions 
related to the timers 
without 
CPU 
intervention. 
The 
HSI 
records 
times 
when events occur and the HSO triggers 
events at 
preprogrammed 
times. 


All actions within .the HSIO unit are synchronized 
to 
the timers. The two 16-bit timer/counter 
registers 
in 
the HSIO unit are cleared on chip reset and can be 
programmed 
to generate 
an interrupt 
on overflow. 


The Timer 
1 register 
is automatically 
incremented 
every 8 state times·(every 
2.0 microseconds, 
with a 
12 MHz clock). 
The Timer 
2 register 
can be pro- 


grammed 
to count transitions 
on either the T2CLK 
pin or HSI.1 pin. It is incremented 
on both positive 
and negative edges of the selected input line. In ad- 
dition to being cleared by reset, Timer 2 can also be 
cleared 
in software 
or by signals 
from 
input 
pins 
T2RST or HSI.O. Neither of these timers is required 
for the Watchdog 
timer or the serial port. 


The High Speed Input (HSI) unit can detect transitions 
on any of its 4 input lines. When one occurs it records 
the time (from Timer 
1) and which input lines made 


2.0 "s CLOCK 


TRIGGERED 
INPUT(S) 


• 
PULSE MEASUREMENT 
WITH 2.0 ,.SEC 
RESOLUTION 
• 
INPUT TRANSITIONS 
TRIGGER 
THE RECORDING 
OF THE REFERENCE 
nMER 
(II-BIT) 
AND TRIGGERED 
INPUT(S) (4-BIT) 
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HIGH SPEED 
OUTPUT 
CONTROLS 


8 PINS 


4 SOFTWARE 
TIMERS 


2 INTERRUPTS 


INITIATE 
AID CONVERSION 


RESETnMER 
2 


the transition. 
This information 
is recorded with 2 mi- 


crosecond 
resolution 
and stored in an 8-level FIFO. 


The unit can be programmed 
to look for four types of 
events, as shown in Figure 6. It can activate the HSI 
Data Available interrupt either when the Holding Reg- 
ister is loaded or the 6th FIFO entry has been made. 
Each input line can be individually 
enabled 
or dis- 
abled to the HSI unit by software. 


The High Speed Output (HSO) unit is shown in Figure 
7. It can be programmed 
to set or clear any of its 6 
output lines, reset Timer 2, trigger an AiD conversion, 
or set one 
of 4 Software 
Timers 
flags 
at a pro- 
grammed 
time. An interrupt can be enabled for any 
of these events. 
Either Timer 
1 or Timer 2 can be 
referenced for the programmed 
time value and up to 
8 commands 
for preset actions can be stored in the 
CAM (Content Addressable 
Memory) file at anyone 
time. As each action is carried out at its preset time 
that command 
is removed 
form 
the CAM 
making 
space for another command. 
HSO.4 and HSO.5 are 
shared with the HSI unit as HSI.2 and HSI.3, and can 
be individually 
enabled or disabled 
as outputs. 


Standard 
I/O Ports 


There are 58-bit 
1/0 ports on the 8096 in addition to 
the High Speed 1/0 lines. 


Port 0 is an input-only port which shares its pins with 
the analog inputs to the AiD Converter. The port can 


be read digitally andlor, by writing to the AiD Com- 
mand Register, one of the lines can be selected 
as 


the input to the AiD Converter. 


Port 
1 is a quasi-bidirectional 
1/0 port. 
"Quasi- 


bidirectional" 
means the port pin has a weak internal 


pullup that is always active and an internal pulldown 
which can either be on (to output a 0) or off (to output 
a 1). This configuration 
allows the pin to be used as 


either an input or an output without using a data di- 
rection register. In parallel with the weak internal pull- 
up is a much stronger internal pullup that is activated 
for one state time when the pin is internally 
driven 


from 0 to 1. This is done to speed up the 0-to-1 tran- 
sition time. 


Port 2 is a multi-functional 
port. Two of the pins are 


quasi-bidirectional 
while the remaining six are shared 


with other functions 
in the 8096, as shown below: 


Port 
Function 
Alternate 
Function 


P2.0 
output 
TXD (serial port transmit) 


P2.1 
input 
RXD (serial port receive) 


P2.2 
input 
EXTINT (external Interrupt) 


P2.3 
input 
T2CLK (Timer 2 clock) 


P2.4 
input 
T2RST (Timer 2 reset) 


P2.5 
output 
PWM (pulse-width 
modulation) 
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Ports 3 and 4 are bi·directional 
I/O ports with open 
drain outputs. These pins are also used as the mul- 
tiplexed 
address/data 
bus when accessing 
external 
memory, in which case they have strong internal pull- 
ups. The internal pullups are only used during exter- 
nal memory 
read or write cycles when the pins are 
outputting address or data bits. At any other time, the 
internal pullups are disabled. 


. The serial port is compatible 
with the MCS-51 family 


(8051, 8031 etc.) serial 
port. 
It is full duplex, 
and 


receive-buffered. 
There are 3 asynchronous 
modes 
and 1 synchronous 
mode of operation 
for the serial 


port. The asynchronous 
modes allow for 8 or 9 bits 
of data with even parity optionally inserted for one of 
the data bits. Selective 
interrupts 
based on the 9th 
data 
bit are available 
to support 
interprocessor 
communication. 


Baud rates in all modes are determined 
by an inde- 
pendent 
16-bit on-chip 
baud rate generator. 
Either 


the XTAL 1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. The maximum baud 
rate in the asynchronous 
mode is 187.5 KBaud. 


The PWM output shares a pin with port bit P2.5. When 
the PWM output is selected, this pin outputs a pulse 
train having a fixed period of 256 state times, and a 
programmable 
width of 0 to 255 state times. The width 


is programmed 
by loading the desired value, in state 


times, to the PWM Control Register. 


The analog-to-digital 
converter is a 1O-bit, successive 
approximation 
converter. 
It has a fixed 
conversion 
time of 168 state times, (42 microseconds 
with a 12 
MHz clock). The analog input must be in the range 
of 0 to VREF (normally, VREF = 5V). This input can 
be selected from 8 analog input lines, which connect 
to the same 
pins as Port O. A conversion 
can be 


initiated either by setting a control bit in the NO Com- 
mand register, or by programming 
the HSO unit to 
trigger the conversion 
at some specified time. 


The 
8096 
has 20 interrupt 
sources 
which 
vector 


through 
8 locations. 
A 0-to-1 transition 
from any of 
the sources 
sets a corresponding 
bit in the Interrupt 
Pending 
register. 
The content 
of the Interrupt 
Mask 


register 
determines 
if a pending 
interrupt 
will be 


serviced 
or not. 
If it is to be serviced, 
the CPU 
pushes the current Program Counter onto the Stack 
and reloads 
it with the vector 
corresponding 
to the 
desired 
interrupt. 
The interrupt 
vectors 
are located 
in addresses 
2000H 
through 
2011 H, as shown 
in 
Figure 8. 


Vector 
Location 


(High 
(Low 
Source 
Byte) 
Byte) 
Priority 


Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
2000H 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
NO Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


At the end of the interrupt routine the RET instruction 
pops the program 
counter 
from the stack and exe- 
cution continues 
where it left off. It is not necessary 
to store and replace registers during interrupt routines 
as each routine can be set up to use a different sec- 
tion of the register file. This feature of the architecture 
provides for very fast context switching. 


While the 8096 has a single priority level in the sense 
that any interrupt may be itself be interrupted, 
a prior- 
ity structure exists for resolving simultaneously 
pend- 
ing interrupts, 
as indicated 
in Figure 8. Since the in- 
terrupt pending and interrupt mask registers can be 
manipulated 
in software, 
it is possible to dynamically 
alter the interrupt priorities to suit the users' software. 


The watchdog 
timer is a 16-bit counter which, once 
started, is incremented 
every state time. After 16 mil- 
liseconds, if not cleared, it will overflow, pulling down 
the RESET pin for two state times, causing the sys- 
tem to be reinitialized. 
This feature is provided as a 
means of graceful 
recovery 
from a software 
upset. 


The counter must be cleared by the software 
before 
it overflows, 
or else the system 
assumes 
an upset 
has occurred and activates 
RESET. 


RAM standby supply voltage (5V). This voltage must 
be present during normal operation. In a Power Down 
condition 
(Le. VCC drops to zero), if RESET is acti- 
vated before VCC drops below spec and VPD con- 
tinues to be held within spec, the top 16 bytes in the 
Register 
File will retain their contents. 
RESET must 
be held low during the Power Down and should not 
be brought 
high until VCC is within 
spec and the 
oscillator 
has stabilized. 


Reference voltage for the AID converter 
(5V). VREF 
is also the supply voltage to the analog portion of the 
AID converter 
and the logic used to read Port O. 


Reference 
ground for the AID converter. 
Should be 
held at nominally the same potential as VSS. 


Substrate 
voltage 
from the on-chip 
back-bias 
gen- 
erator. 
This 
pin should 
be connected 
to ANGND 
through 
a 0.01 
J.Lf capacitor 
(and not connected 
to 
anything else). 


Input of the oscillator inverter and of the internal clock 
generator. 


Output of the internal clock generator. The frequency 
of CLKOUT 
is 1/3 the oscillator 
frequency. 
It has a 
33% duty cycle. 


Reset input to the chip. Input low for at least 2 state 
times to reset the chip. The subsequent 
low-to-high 
transition re-synchronizes 
CLKOUT and commences 
a 1O-state-time sequence in which the PSW is cleared 
and a jump to address 2080H is executed. 
Input high 
for normal operation. 
RESET has an internal pullup. 


Input low enables 
a factory 
test 
mode. 
The 
user 
should tie this pin to VCC for normal operation. 


A positive transition 
clears the watchdog 
timer, and 
causes a vector to external memory location OOOOH. 
External memory from OOHthrough OFFH is reserved 
for Intel development 
systems. 


Output high during an external memory read indicates 
the read is an instruction 
fetch. 


Input for memory 
select (External Access). 
EA = 1 
causes memory accesses to locations 2000H through 
3FFFH to be directed to on-chip ROM. EA = 0 causes 
accesses to these locations to be directed to off-chip 
memory. 
EA has an internal pulldown, 
so it goes to 
o unless driven to 1. 


Address 
Latch Enable output. ALE is activated 
only 
during external memory accesses. 
It is used to latch 
the address from the multiplexed 
address/data 
bus. 


Read signal output to external 
memory. 
RD is acti- 
vated only during external memory 
reads. 


Write signal output to external memory. 
WR is acti- 
vated only during external memory writes. 
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Bus High Enable signal output to external memory. 
BHE = 0 selects the bank of memory 
that is con- 
nected to the high byte of the data bus. AO = 0 selects 
the bank of memory that is connected to the low byte 
of the data bust. Thus accesses to a 16-bit wide mem- 
ory can be to the low byte only (AO = 0, BHE = 1), 
to the high byte o.!!!lJAO = 1, BHE = 0), or to both 
bytes (AO = 0, BHE = 0). BHE is activated 
only 
when required during accesses 
to external memory. 
BHE can be ignored during read operations. 


The READY input is used to lengthen external mem- 
ory bus cycles, 
for interfacing 
to slow or dynamic 
memory, 
or for bus sharing. 
If the pin is high CPU 
operation continues 
in a normal manner. If the pin is 
low prior to the rising edge of CLKOUT, the Memory 
Controller 
goes into a wait mode until the next neg- 
ative transition 
in CLKOUT occurs with READY high. 
The bus cycle can be lengthened 
by up to 1 JLSec. 
When the ex1ernal memory 
bus is not being used, 
READY has no effect. 
READY has a weak internal 
pullup, so it goes to 1 unless externally 
pulled low. 


Inputs to High Speed Innput Unit. Four HSI pins are 
available: 
HSI.O, HSI.1, 
HSI.2, 
and 
HSI.3. Two of 
them (HSI.2 and HSI.3) are shared with the HSO Unit. 


Outputs from High Speed Output Unit. Six HSO pins 
are available: HSO.O, HSO.1, HSO.2, HSO.3, HSO.4, 
and HSO.5. 
Two of them (HSO.4 
and HSO.5) 
are 
shared with the HSI Unit. 


8-bit high impedance 
input-only port. These pins can 
be used as digital inputs and/or as analog inputs to 
the on-chip AID converter. 


8-bit multi-functional 
port. Six of its pins are shared 
with other functions in the 8096, the remaining 2 are 
quasi-bidirectional. 


8-bit bi-direetional 
I/O ports with open drain outputs. 


These pins are shared with the multiplexed 
address/ 


data bus which has strong internal pullups. 


The 8096 instruction set makes use of six addressing 
modes as described 
below: 


DIRECT - 
The operand 
is specified 
by an 8·bit ad- 
dress field in the instruction. 
The operand must be in 
the 
Register 
File or SFR 
space 
(locations 
OOOOH 
through OOFFH). 


IMMEDIATE - 
The operand itself follows the opcode 
in the instruction 
stream as immediate 
data. The im- 
mediate 
data can be either 8-bits or 16-bits as reo 
quired by the opcode. 


INDIRECT - 
An 8-bit address field in the instruction 
gives the address of a word register in the Register 
File which contains the 16·bit address of the operand. 
The operand can be anywhere 
in memory. 


INDIRECT 
WITH 
AUTO-INCREMENT 
- 
Same as 
Indirect, except that, after the operand is referenced, 
the word register that contains the operand's address 
is incremented 
by 1 if the operand 
is a byte, or by 2 
if the operand 
is a word. 


INDEXED 
- 
The instruction 
contains 
an 8-bit ad- 
dress field and either an 8-bit or a 16-bit displacement 
field. The 8-bit address field gives the address of a 
word register 
in the Register 
File which contains 
a 
16-bit base address. 
The 8- or 16-bit displacement 
field 
contains 
a signed 
displacement 
that 
will 
be 
added to the base address to produce 
the address 
of the operand. 
The operand 
can be anywhere 
in 
memory. 


The 8096 contains 
a Zero Register at word address 
OOOOH(and which contains 
OOOOH).This register is 
available for performing 
comparisons 
and for use as 
a base register in indexed addressing. This effectively 
provides direct addressing 
to all 64K of memory. 


In the 8096, the Stack 
Pointer 
is at word address 
0018H in the Register 
File. If the 8-bit address field 
in an indexed 
instruction 
contains 
18H, the Stack 
Pointer becomes the base register. This allows direct 
accessing 
of variables 
in the stack. 


The following tables list the MCS-96 instructions, their 
opcodes, 
and execution 
times. 
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nstructlon 
ummarv 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
O+-D+A 
", 
", 
", 
", 
t 
- 


AOO/AOOB 
3 
O+-B+A 
", 
", 
", 
", 
t - 
AOOC/AODCB 
2 
O+-O+A+C 
J. 
", 
", 
", 
t - 


SUB/SUBB 
2 
O+-O-A 
", 
", 
", 
", 
t 
- 


SUB/SUBB 
3 
D+-B-A 
", 
", 
", 
", 
t 
- 


SUBC/SUBCB 
2 
0+-0-A+C-1 
J. 
", 
", 
", 
t 
- 


CMP/CMPB 
2 
O-A 
", 
", 
", 
", 
t - 
MULIMULU 
2 
0,0 
+ 2 +- 
O' A 
- 
- - - 
- 
? 
2 


MULIMULU 
3 
0,0+ 
2 +- 
B' A 
- 
- 
- - 
- 
? 
2 


MULB/MULUB 
2 
D,O + 1 +- 
O' A 
- - - - - 
? 
3 


MULB/MULUB 
3 
0,0+ 
1 +- 
B' A 
- 
- - - 
- 
? 
3 


OIVU 
2 
D +- 
(D, 0 + 2)/ A, 0 + 2 
+- 
remainder 
- - - 
", 
t - 
2 


OIVUB 
2 
D +- 
(O,D + 1)/A, 0 + 1 
+- 
remainder 
- - - 
", 
t 
- 
3 


OIV 
2 
o +- 
(0, 0 + 2)/ A, D + 2 
+- 
remainder 
- 
- - 
? 
t 
- 


DIVB 
2 
D +- 
(D, D + 1)/A, 0 + 1 
+- 
remainder 
- 
- - 
? 
t - 
ANO/ANOB 
2 
o +- 
OandA 
", 
", 
0 
0 
- 
- 


AND/ANOB 
3 
o +- 
BandA 
", 
", 
0 
0 - - 


OR/ORB 
2 
o +- 
DorA 
", 
", 
0 
0 - - 
XOR/XORB 
2 
o +- 
0 (exel.or) A 
", 
", 
0 
0 - 
- 


LO/LOB 
2 
O+-A 
- - - - - - 


ST/STB 
2 
A+-O 
- - - - - - 
LOBSE 
2 
o +- 
A;D + 1 +- 
SIGN(A) 
- 
- 
- - 
- 
- 
3,4 


LOBZE 
2 
o +- 
A; 0 + 1 +- 0 
- 
- 
- - 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 2; (SP) +- 
A 
- 
- 
- - 
- 
- 
POP 
1 
A +- 
(SP);SP +- 
SP + 2 
- 
- 
- - 
- 
- 
PUSHF 
0 
SP +- 
SP - 2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 


PSW +- 
OOOOH 
I+-O 


POPF 
0 
PSW +- 
(SP);SP +- 
SP + 2; 
I+-", 
", 
", 
", 
", 
", 
", 


SJMP 
1 
PC +- 
PC + 11-bitoffset 
- 
- - - 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bit offset 
- 
- - - 
- 
- 
5 


BR [indirect] 
1 
PC +- 
(A) 
- 
- 
- - 
- 
- 
SCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- 
- - 
- 
- 
5 


PC +- 
PC + 11-bitoffset 
LCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- - - - - 
- 
5 


PC +- 
PC + 16-bitoffset 


RET 
0 
PC +- 
(SP);SP +- 
SP + 2 
- 
- - - - 
- 
J (conditional) 
1 
PC +- 
PC + 8·bit offset (if taken) 
- 
- - - 
- - 
5 


JC 
1 
Jump ifC = 1 
- - - 
- 
- 
- 
5 


JNC 
1 
Jump ifC = 0 
- 
- - 
- 
- 
- 
5 


JE 
1 
Jump if Z = 1 
- 
- - 
- 
- 
- 
5 


NOTES: 
1. If the mnemonicends in "B", a byte operationis performed,otherwisea word operationis done.OperandsD, B, and A 
must conform to the alignmentrules for the requiredoperand type. D and B are locationsin the register file; A can be 
locatedanywherein memory. 
2. D, D + 2 are consecutiveWORDSin memory;D is DOUBLE-WORDaligned. 
3. D, D + 1 are consecutiveBYTESin memory;D is WORDaligned. 
4. Changesa byteto a word. 
5. Offset is a 2's complementnumber. 


MCS<!l-96 
809X-90,839X-90 


nstruc Ion 
ummarv (Continued) 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
Jump 
ifZ = 0 
- - - - 
- 
- 
5 


JGE 
1 
Jump 
if N = 0 
- - - - 
- 
- 
5 


JLT 
1 
Jump 
if N = 1 
- - - - 
- 
- 
5 


JGT 
1 
Jump 
if N = 0 and Z = 0 
- - - - 
- 
- 
5 


JLE 
1 
Jump 
if N = 1 or Z = 1 
- - - - 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - - 
- 
- 
5 


JNH 
1 
Jump 
if C = 0 or Z = 1 
- - - - - 
- 
5 


JV 
1 
Jump 
if V = 1 
- - - - - 
- 
5 


JNV 
1 
Jump 
if V = 0 
- - - - 
- 
- 
5 


JVT 
1 
Jump 
if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump 
if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- - - - 
- - 
5 


JNST 
1 
Jump if ST = 0 
- - - - - - 
5 


JBS 
3 
Jump 
if Specified 
Bit = 1 
- - - - 
- 
- 
5,6 


JBC 
3 
Jump 
if Specified 
Bit = 0 
- - - - 
- 
- 
5,6 


DJNZ 
1 
D - 
D - 
1; if D * 0 then 
PC 
- 
PC + 
a-bit offset 
- - - - 
- 
- 
5 


DEC/DECB 
1 
D - 
D-1 
'" 
'" 
'" 
'" 
i 
- 


NEGINEGB 
1 
D-O-D 
'" 
'" 
'" 
'" 
i 
- 


INC/INCB 
1 
D- 
D + 
1 
'" 
'" 
'" 
'" 
i 
- 


EXT 
1 
D- 
D; D + 
2 
- 
Sign (D) 
'" 
'" 
0 
0 
- 
- 
2 


EXTB 
1 
D- 
D;D 
+ 
1 - 
Sign(D) 
'" 
'" 
0 
0 
- 
- 
3 


NOT/NOTS 
1 
D- 
Logical 
Not (D) 
'" 
'" 
0 
0 - - 


CLR/CLRB 
1 
D-O 
1 
0 
0 
0 
- 
- 


SHlISHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
'" 
? 
'" 
'" 
i 
- 
7 


SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
'" 
? 
'" 
0 
- 
'" 
7 


SHRA/SHRAB/SHRAL 
2 
msb 
-+ 
msb-----Isb 
-+ 
C 
'" 
'" 
'" 
0 
- 
'" 
7 


SETC 
0 
C-1 
- - 
1 - - 
- 


CLRC 
0 
C-O 
- - 
0 
- 
- 
- 


CLRVT 
0 
VT 
- 
0 
- - - - 
0 
- 


RST 
0 
PC 
- 
20aOH 
0 
0 
0 
0 
0 
0 
a 


DI 
0 
Disable 
All Interrupts 
(I - 
0) 
- - - - - - 


EI 
0 
Enable 
All Interrupts 
(I - 
1) 
- - - - 
- 
- 


NOP 
0 
PC-PC+1 
- - - - 
- 
- 


SKIP 
0 
PC-PC+2 
- - - - 
- 
- 


NORML 
2 
Left shift till msb = 1; D - 
shift count 
'" 
? 
0 
- 
- 
- 
7 


TRAP 
0 
SP 
- 
SP - 
2; (SP) 
- 
PC 
PC 
- 
(2010H) 
- - - - 
- 
- 
9 


NOTES: 
1. If the mnemonic 
ends in "8", 
a byte operation 
is performed, 
otherwise 
a word operation 
is done. Operands 
D, 8 and A 
must conform 
to the alignment 
rules for the required 
operand 
type. 
D and 8 are locations 
in the register 
file; A can be 
located 
anywhere 
in memory. 
5. Offset 
is a 2's complement 
number. 


6. Specified 
bit is one of the 2048 bits in the register file. 


7. The "L" 
(Long) suffix indicates 
double-word 
operation. 
8. Initiates 
a Reset 
by pulling 
RESET 
low. Software 
should 
re-initialize 
all the necessary 
registers 
with 
code 
starting 
at 
2080H. 
9. The assembler 
will not accept 
this mnemonic. 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 


NORMAL 
AUTD-INC. 
SHORT 
LONG 


(,) 
0 
Z 
Q 
8@ 
z 
W 
W 
W 
80 
W 
0 
oC 
Q 
0 
Q 
0 
Q 
0 
0 
80 
Q 
0 
80 
0 
-0 
:11 
a: 
0 
W0 
0 
W0 
0 
Ww 
Ww 
0 
Ww 
Ww 
W 
l;;:W 
W 
l;;:W 
W 
l;;::11 W 
W 
W 
W 
W 
(,) 
~ 
(,) 
~ 
(,) 
~ 
~ 
l;;::11 
(,) 
~ 
l;;::& ~ 
l;;::11 
z 
0. 
0. 
I-'~ 
0. 
I-'~ 
0. 
1-'- 
~~ 
0. 
~~ 
~~ 
:11 
0 
0 
CD 
01- 
0 
CD 
01- 
0 
CD 
01- 
CD 
0 
CD 
CD 


ARITHMETIC INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8113 
47 
5 
7/12 
6. 
8113 


ADDB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


ADDB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8113 
57 
5 
7/12 
6 
8/13 


ADDC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


ADDCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8113 
4B 
5 
7/12 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
6D 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
4D 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28133 
6 
29/34 


MULUB 
2 
7C 
3 
17 
7D 
3 
17 
7E 
3 
19/24 
3 
20/25 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
5D 
4 
18 
5E 
4 
20/25 
4 
21126 
5F 
5 
20/25 
6 
21126 


MUL 
2 
® 
4 
29 
® 
5 
30 
® 
4 
31136 
4 
32137 
® 
5 
31136 
6 
32137 


MUL 
3 
® 
5 
30 
® 
6 
31 
® 
5 
32137 
5 
33/38 
® 
6 
32137 
7 
33/38 


MULB 
2 
® 
4 
21 
® 
4 
21 
® 
4 
23/28 
4 
24/29 
® 
5 
23/28 
6 
24/29 


MULB 
3 
® 
5 
22 
® 
5 
22 
® 
5 
24/29 
5 
25/30 
® 
6 
24/29 
7 
25/30 


DIYU 
2 
8C 
3 
25 
8D 
4 
26 
8E 
3 
28/32 
3 
29133 
8F 
4 
28/32 
5 
29/33 


DIVUB 
2 
9C 
3 
17 
9D 
3 
17 
9E 
3 
20/24 
3 
21125 
9F 
4 
20/24 
5 
21125 


DIY 
2 
® 
4 
29 
® 
5 
30 
® 
4 
32136 
4 
33/37 
® 
5 
32136 
6 
33/37 


DIYB 
2 
® 
4 
21 
® 
4 
21 
® 
4 
24/28 
4 
25/29 
® 
5 
24/28 
6 
25/29 


Notes: 
@ Long indexed 
and Indirect + instructions 
have identical 
opocodes 
with Short indexed 
and Indirect 
modes, 
respectively. 
The second 


byte of instructions 
using any indirect 
or indexed 
addressing 
mode specifies the exact mode used. If the second byte is even, 
use 


Indirect 
or Short Indexed. 
If it is odd, use Indirect+or 
Long indexed. 
In all cases the second byte of the instruction 
always specifies 


an even (word) location 
for the address referenced. 
<D Number 
of state times shown for intemaliexternal 
operands. 


(2) The opcodes 
for signed multiply 
and divide are the opcodes 
for the unsigned functions with an "FE" 
appended 
as a prefix. 
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INDIRECT@ 
INDEXED@ 


DIRECT 
IMMEDIATE 
NORMAL 
AUTO-INC. 
SHORT 
LONG 


() 
0 
Z 
Q 
III 
III 
III 
Z 
III 
80 
80 
80 
80 
0 
ce 
Q 
0 
Q 
0 
Q 
0 
0 
Q 
0 
0 
:Il 
0 
1110 
0 
1110 
0 
111111 
111111 
0 
111111 
111111 
a: 
III 
!.(III 
III 
!.(III 
III 
!.(:Il 
III 
!.(:Il 
III 
!.(:Il 
III 
!.(:Il 
III 
III 
() 
~ 
() 
~ 
() 
~ 
~ 
() 
~ 
~ 
Z 
II. 
II. 
to':Il 
II. 
to';! 
II. 
~~ 
~~ 
II. 
~~ 
~~ 
:Il 
0 
0 
CD 
0~ 
0 
CD 
0.- 
0 
CD 
CD 
0 
CD 
CD 


LOGICAL INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/11 
3 
7/12 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8113 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7/12 
73 
4 
6111 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/11 
3 
7/12 
83 
4 
6111 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6/11 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6/11 
3 
7/12 
87 
4 
6/11 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6111 
5 
7/12 


DATA TRANSFER INSTRUCTIONS 


LD 
2 
AO 
3 
4 
AI 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6/11 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6/11 
3 
7/12 
B3 
4 
6/11 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
-- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
-- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6/11 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6/11 
3 
7/12 
AF 
4 
6/11 
5 
7/12 


STACK OPERATIONS (Internal stack) 


PUSH 
I 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11/15 
2 
12116 
CB 
3 
11/15 
4 
12116 


POP 
I 
CC 
2 
12 
- 
- 
- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
I 
8 


POPF 
0 
F3 
I 
9 


STACK OPERATIONS (external stack) 


PUSH 
I 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16120 
CB 
3 
15/19 
4 
16120 


POP 
I 
CC 
2 
14 
- 
- 
- 
CE 
2 
16/20 
2 
16120 
CF 
3 
16/20 
4 
16/20 


PUSHF 
0 
F2 
I 
12 


POPF 
0 
F3 
I 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16(§) 


SJMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/16® 


BR[) 
E3 
2 
8 
RET 
FO 
I 
12116$ 


Notes: 
TRANl 
F7 
I 
21/24 


<D Number 
of state Urnes shown for IDlemal/external 
operands. 
(3) The assembler 
does nol accept this mnemonic. 
@ The least significant 
3 bits of the opcode are concatenated 
with the following 
8 bits to form an II-bit, 
2's complement, 
offset for the 
relative call or jump. 
<5>State times for stack located internal/external. 
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All conditional 
jumps 
are 2 byte inSlJUctions. They require 8 state times if the jump is taken, 4 if it is not. 


MNEMONIC 
OPCOOE 
MNEMONIC 
OPCOOE 
MNEMONIC 
OPCOOE 
MNEMONIC 
OPCOOE 


JC 
OB 
JE 
OF 
JGE 
06 
JGT 
02 


JNC 
D3 
JNE 
07 
JLT 
OE 
JLE 
OA 


JH 
D9 
N 
00 
JVT 
DC 
JST 
08 


JNH 
Dl 
JNV 
05 
JNVT 
D4 
JNST 
DO 


These inslJUctions are 3-byte inslJUctions. They require 9 state times if the jump is taken, 5 if it is not. 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


18S 
38 
39 
3A 
3B 
3C 
30 
3E 
3F 


lOOP 
CONTROL 


3 BYTES; 
5/9 STATE TIMES (NOT TAKENffAKEN) 


MNEMONIC 
OPCOOE 
BYTES 
STATES 
MNEMONIC 
OPCOOE 
BYTES 
STATES 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
II 
2 
4 


INSTR 
WORO 
INSTR 
BYTE 
INSTR 
OBl 
WO 


MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
STATE TIMES 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + I PER SHIFT<!> 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
oc 
3 
7 + I PER SIllFT<!> 


SHRA 
OA 
3 
SHRAB 
IA 
3 
SHRAL 
OE 
3 
7 + I PER SIllFT<!> 


MNEMONIC 
OPCOOE 
BYTES 
STATES 
MNEMONIC 
OPCOOE 
BYTES 
STATES 


SETC 
F9 
I 
4 
DI 
FA 
I 
4 


CLRC 
F8 
I 
4 
EI 
FB 
I 
4 


CLRVT 
FC 
I 
4 
NOP 
FD 
I 
4 


RST 
FF 
I 
166 
SKIP 
00 
2 
4 


NORMALIZE 


II + I PER SHIFT 


Notes: 
(I) This inslJUction takes 2 stales to pull RST low, then holds it low for 2 states to initiate a reset. The reset takes 12 states, 
at which 


time the program 
restarts at location 
2080H. 


tJ) Execution 
will take at least 8 staleS, even for 0 shift. 
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Functional deviations from the 809x and 839x on the 
809x-90 and 839x-90. 


1. 
Indexed, 
3 Word Multiply 
- 
The displacement 
portion of an indexed, three word multiply may not 
be in the range of 200H thru 17FFH inclusive. 


2. 
Add or Substract 
with carry - 
The zero flag is 
both set and cleared by these instructions. 


3. 
EXT - 
This instruction 
never sets the N flag, and 
always sets the Z flag. The EXTB works correctly. 


4. 
Read-Modify-Write 
on 
Interrupt 
Pending 
- 
A 
read-modify-write 
instruction 
on the interrupt 
pending register may cause interrupts 
that occur 
during execution of the instruction to be missed. 


5. 
READY 
line - 
The READY 
line should 
not be 
held active during the execution of an instruction 
that accesses 
HSI 
TIME, SP 
STAT or 1051. It 
should also not be-active 
for Iidata write during 
the instruction 
immediately 
preceding 
one of the 
above operations. 


6. 
Signed Divide - 
The V and VT flags may indicate 
an overflow after a signed divide when no overflow 
has occurred. 


1. HSI Timing - 
An event occurring within 16 state 
times of a prior event on the same HSI line may 
not be recorded. Additionally, 
an event occurring 
within 16 state times of a prior event on another 
HSIline may be recorded with a time tag one count 
earlier than expected. 
Events are defined as the 
condition the line is set to trigger on. 


2. 
HSI Divide by 8 Mode - 
If an event on a pin set 
to look for every eighth transition occurs less than 
16 state times after an event on any other pin, 
then the divide by 8 event will be recorded twice 
in the HSI FIFO. The time tag of the duplicate 
FIFO entry will be equal to that of the initial entry 
plus one. 


3. 
HSO Interrupts - 
Software timer interrupts 
can- 


not be generated 
by the HSO commands 
that re- 


set Timer 2 or start an A to D conversion 


1. Serial Port Flags - 
Reading SP 
STAT may not 
clear the TI or RI flag if that flag was set within 
two state times prior to the read. 


2. 
Serial Port Mode 0 - 
The serial port is not tested 
in mode O.The receive function in this mode does 
not work correctly. 


3. 
Serial Port Baud Value - 
Loading the baud rate 
register with aooOH (maximum baud rate, internal 
clock) may cause an 11 millisecond delay (at Fosc 
= 12 Mhz) before the port is properly initialized. 
After initialization 
the port works properly. 


1. 
Ports 3 and 4 (Internal Execution 
Mode Only) - 
To be used as outputs, Ports 3 and 4 each must 
be addressed as words but written to as bytes. To 
write to Port 3 use "ST temp,1ffeh", 
where the 
low byte of "temp" 
contains the data for the port. 


To write to Port 4, use the DCB operator to gen- 
erate the opcode sequence 
"OC3H, 001 H, OFFH, 


01 FH, (temp)", where the high byte of "temp" con- 
tains the data for the port. Ports 3 and 4 will not 
work as input ports. 


The following 
information 
was not in the 1984 "8096 


Users Manual" 


1. After a chip reset the watchdog timer will not run 
until a "01 EH" followed by a "OE1H" is written to 
the watchdog 
timer register. After this is done the 
watchdog 
timer 
functions 
as described 
in the 
users manual until the next chip reset. This feature 
permits 
disabling 
of the watchdog 
by simply not 
writing to it. 


2. 
External 
interrupts 
on PO.? are sampled 
every 
state time instead of every eight state times. 


3. 
The 
baud 
rate generated 
in the external 
clock 
mode is four times faster than stated in the Users 
Manual. The correct formula for other than mode 
o using T2CLK as the input frequency 
is: 


Baud Rate = Input Frequency I (16)B). 


4. 
If more than one HSO event is scheduled to occur 
with interrupts 
at the same time multiple HSO in- 


terrupts 
may occur. This is because 
HSO inter- 


rupts are internal events and as such are not syn- 
chronized 
to Timer1. 


5. 
Locations 2012H through 20?FH in external mem- 
ory must be filled with the hex value OFFFFH to 
ensure compatibility 
with future parts. The internal 


locations 
in this range are still reserved 
for the 


factory test code. 


6. 
There are several restrictions on using the special 
function 
registers. 


A. 
Neither 
the source 
nor the destination 
ad- 


dresses of the Multiply and Divide instructions 
can be a writable special function 
register. 


B. 
These registers may not be used as base or 
index 
registers 
for 
indexed 
or 
indirect 


instructions. 


C. 
Several 
of these 
registers 
can only be ac- 


cessed as words, while others only as bytes. 
These 
restrictions 
are listed in Chapter 3 of 


the manual. 
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ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 
"NOTICE: 
Stresses 
above 
those listed 
under 
"Ab- 
solute 
Maximum 
Ratings" 
may 
cause 
permanent 


damage 
to the device. 
This is a stress rating 
only 
and functional operation of the device at these or any 
other conditions 
above those indicated 
in the oper- 


ational sections 
of this specification 
is not implied. 


Exposure to absolute maximum rating conditions 
for 


extended 
periods 
may affect device reliability. 


Ambient Temperature 
Under Bias .. 
O°C to + 70°C 
Storage Temperature 
. . . . . . 
- 40°C to + 150°C 
Voltage from Any Pin to 
VSS or ANGND 
-O.3V 
to +7.0V 
Average Output Current from Any Pin. 
. .. 10 mA 
Power Dissipation 
. . . . . . . . . . . . .. 
1.5 Watts 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
0 
+70 
C 


VCC 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog 
Supply Voltage 
4.5 
5.5 
V 
VCC 
- 
0.3 
VCC 
+ 0.3 
V 


IOSC 
Oscillator 
Frequency 
6.0 
12 
MHz 


VPD 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(Except 
RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage 
(Except 
RESET, 
NMI, XTAL1) 
2.0 
VCC 
+ 0.5 
V 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
VCC 
+ 0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling 
2.1 
VCC 
+ 0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.4 
VCC 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
See Note 1. 


VOH 
Output High Voltage 
2.4 
V 
See Note 2. 


ICC 
VCC Supply Current 
200 
mA 
All outputs 
disconnected. 


IPD 
VPD Supply Current 
1 
mA 
Normal operation 
and Power-Down. 


IREF 
VREF Supply Current 
8 
mA 


III 
Input Leakage 
Current to all pins 01 HSI, PO, P3, 
:!:10 
!!A 
Vin = 0 to VCC 
P4, and to P2.1. 
See Note 3 


IIH 
Input High Current to EA 
100 
!!A 
VIH = 2.4V 


ilL 
Input Low Current to all pins 01 P1, and to P2.6, 
-100 
!!A 
VIL = 0.45V 


P2.7. 


1IL1 
Input Low Current 
to RESET 
-2 
mA 
VIL = 0.45V 


1IL2 
Input Low Current 
P2.2, P2.3, P2.4, READY 
-50 
!!A 
VIL = 0.45V 


Cs 
Pin Capacitance 
(Any Pin to VSS) 
10 
pF 
fTEST = 1 MHz 


NOTES: 
1. IOl 
= 0.36 mA for all pins of Pl, 
for P2.6 and P2.7, and for all pins of P3 and P4 when 
used as ports. 
. 


IOl 
= 2.0 mA for TXD, 
RXD (in serial port mode 0), PWM, ClKOUT, 
ALE, SHE, AD, WR, and all pins of HSO and P3 and P4 when 
used as 
external 
memory 
bus (ADO-AD15). 


2. IOH 
= 
-20 
i.A for all pins of P1, for P2.6 and P2.7. 
IOH = 
-200 
i.A for TXD, 
RXD (in serial 
port mode 0), PWM, 
ClKOUT, 
ALE, SHE, WR, and all pins of HSO and P3 and P4 when 
used as 
external 
memory 
bus (ADO-AD15). 


P3 and P4, when 
used as ports, 
have open-drain 
outputs. 
3. Analog 
Conversion 
not in process. 
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AID Converter operation is verified only on the 8097, 
8397, 8095, 8395. 


The absolute 
conversion 
accuracy 
is dependent 
on 
the accuracy of VREF. The specifications 
given below 
assume adherence to the Operating Conditions sec- 
tion of these data sheets. Testing is done at VREF 
= 5.120 volts. 


Resolution 
±0.001 
VREF 


Accuracy. 
. . . . . . . . . .. 
± 0.004 VREF 


Differential 
nonlinearity 
±0.002 
VREF max 


Integral nonlinearity 
. . . . . . . ± 0.004 VREF max 


Channel-to-channel 
matching. 
. . . . . .. 
± 1 LSB 


Crosstalk 
(DC to 100 kHz) 
. . . . . . . - 60 dB max 


AC CHARACTERISTICS 
(VCC, VPD = 4.5 to 5.5 Volts; TA = O°C to 70°C; fosc = 6.0 to 12.0 MHz) 


Test Conditions: 
Load capacitance 
on output pins = 80 pF 
Oscillator 
Frequency 
= 12.00 MHz 


Timing Requirements 
(other system components 
must meet these specs) 


Symbol 
Parameter 
Mln 
Max 
Units 


TCLYX 
READY Hold after CLKOUT falling edge 
0(1) 
nsec 


TLLYV 
End of ALE to READY Setup 
- 
Tosc 
2Tosc-60 
nsec 


TLLYH 
End of ALE to READY high 
2 Tosc + 60 
4Tosc - 60 (2) 
nsec 


TYLYH 
Non-ready 
time 
1000 
nsec 


TAVDV 
Address Valid to Input Data Valid 
5Tosc- 
90 
nsec 


TRLDV 
RD/Active to Input Data Valid 
3Tosc-60 
nsec 


TRXDX 
Data Hold after RD/inactive 
(3) 
0 
nsec 


TRXDZ 
RD/lnactive 
to Input Data Float (3) 
Tosc-20 
nsec 


Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.00 
12.00 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
nsec 


TCHCH 
CLKOUT 
Period (3) 
3Tosc (4) 
3Tosc (4) 
nsec 


TCHCL 
CLKOUT 
High Time 
Tosc-20 
Tosc+20 
nsec 


TCLLH 
CLKOUT 
Low to ALE High 
-5 
20 
nsec 


TLLCH 
ALE Low to CLKOUT 
High 
Tosc-20 
Tosc+40 
nsec 


TLHLL 
ALE Pulse Width 
Tosc-25 
Tosc+ 15 
nsec 


TAVLL 
Address Setup to End of ALE 
Tosc-50 
nsec 


TLLRL 
End of ALE to RD/ or WR/ active 
Tosc-20 
nsec 


TLLAX 
Address hold after End of ALE 
Tosc-20 
nsec 


TWLWH 
WR/ Pulse Width 
2Tosc-35 
. 
nsec 


TQVWX 
Output Data Setup to End of WRI 
2Tosc-60 
nsee 


TWXQX 
Output Data Hold after End of WR/ 
Tosc-25 
nsec 


TWXLH 
End of WR/ to next ALE 
2Tosc-30 
nsec 


TRLRH 
RD/ Pulse Width 
3Tosc-30 
nsee 


TRHLH 
End of RD/ to next ALE 
Tosc-25 
nsee 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated 
by assuming 
that the ClKOUT 
falling edge has occurred 


at 2Tosc +60 (TllCH(max) 
+TCHCl(max» 
after the falling edge of ALE. 
2. 
If more than one wait state is desired, 
add 3Tosc for each additional 
wait state. 
3. This specification 
is not tested, but is verified 
by design analysis and/or derived from other tested parameters. 


4. ClKOUT 
is directly generated 
as a divide by 3 of the oscillator. 
The period will be 3Tosc +/- 
10 nsec if Tosc is constant 


and the rise and fall times on XTAl1 
are less than 10 nsec. 
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MCS®-96 
809XBH, 839XBH, 879XBH 
16-BIT CONTROL-ORIENTED MICROCOMPUTERS 


• 
879XBH: an 809XBH with 8K Bytes of On-Chip EPROM 
• 
839XBH: an 809XBH with 8K Bytes of On-Chip ROM 


_ 
232 Byte Register File 
_ 
High Speed I/O Subsystem 


_ 
Register-to-Register 
Architecture 
_ 
Full Duplex Serial Port 


_ 
10·Bit AID Converter 
with S/H 
_ 
6.25 J-Ls16 x 16 Multiply 


_ 
Five 8-Bit I/O Ports 
_ 
6.25 J-Ls32/16 
Divide 


_ 
20 Interrupt Sources 
_ 
16·Bit Watchdog 
Timer 


_ 
Pulse·Width 
Modulated 
Output 
_ 
Four 16-Bit Software 
Timers 


_ 
Dedicated 
Baud Rate Generator 
_ 
Two 16·Bit Counter/Timers 


_ 
Run-Time Programmable 
EPROM 
_ 
ROM/EPROM 
Security 


• 
Dynamically Reconfigurable 
8-Bit or 16-Bit Bus Width 


The MCS@-96 family of 16-bit microcontrollers 
consists 
of 16 members, 
all of which are designed 
for high- 
speed control functions. 


The CPU supports bit, byte, and word operations. 
Thirty-two 
bit double-words 
are supported for a subset of the 


instruction 
set. With a 12 MHz input frequency 
the 8096BH can do a 16-bit addition in 1.0 /Ls and a 16 x 16-bit 


multiply or 32/16 
divide in 6.25 /Ls. Instruction 
execution 
times average 
1 to 2 /Ls in typical applications. 


Four high-speed trigger inputs are provided to record the times at which external events occur. Six high-speed 
pulse generator outputs are provided to trigger external events at preset times. The high-speed 
output unit can 


simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit Software 
Timers 
can be in operation 
at 


once. 


The on-chip 
AID 
Converter 
includes 
a Sample 
and Hold, and converts 
up to 8 multiplexed 
analog 
input 


channels 
to 10-bit digital values. With a 12 MHz crystal, 
each conversion 
takes 22 /Ls. This feature 
is only 


available 
on the 8x95BHs 
and 8x97BHs, with the 8x95BHs 
having 4 multiplexed 
analog inputs. 


Also provided on-chip are a serial port, a watchdog 
timer, and a pulse-width 
modulated 
output signal. 


,. 


: POR)T': 


OR 


OAT'" 
8US 


PORT 
.• 


Figure 1 shows a block diagram of the MCS-96 parts, generically 
referred to as the 8096BH. The 8096BH 
is 
available in 48-pin and 68-pin packages, with and without AID, and with and without on-chip ROM or EPROM. 
The MCS-96 numbering system is shown in Table 1. Figures 2, 3, 4 and 5 and Table 2 show the pinouts for the 
48- and 68-pin packages. 
The 48-pin version is offered 
in a Dual-In-Line 
package while the 68-pin versions 
come in a Plastic Leaded Chip Carrier (PLCC), a Pin Grid Array (PGA) or a Type "B" 
Leadless Chip Carrier. 


Table 1. The MCS-96@ Family Nomenclature 


Without 
AID 
With AID 


48 Pin 
C8094BH - Ceramic DIP 
C8095CH - Ceramic DIP 
P8094BH - Plastic DIP 
P8095BH - Plastic DIP 
ROMless 
A8096BH - Ceramic PGA 
A8097BH - Ceramic PGA 
68 Pin 
N8096BH - PLCC 
N8097BH - PLCC 


48 Pin 
C8394BH - Ceramic DIP 
C8395BH - Ceramic DIP 
P8394BH - Plastic DIP 
P8395BH - Plastic DIP 
ROM 
A8396BH - Ceramic PGA 
A8397BH - Ceramic PGA 
68 Pin 
N8396BH - PLCC 
N8397BH - PLCC 


48 Pin 
C8794BH - Ceramic DIP 
C8795BH - Ceramic DIP 
EPROM 
AB796BH - Ceramic PGA 
AB797BH - Ceramic PGA 
68 Pin 
RB796BH - Ceramic LCC 
RB797BH - Ceramic LCC 


PGA/ 
PLCC 
Description 
PGA/ 
PLCC 
Description 
PGA/ 
PLCC 
Description 
LCC 
LCC 
LCC 


1 
9 
ACH7/PO.7/PMOD.3 
24 
54 
AD6/P3.6 
47 
31 
P1.6 


2 
8 
ACH6/PO.6/PMOD.2 
25 
53 
AD7/P3.7 
48 
30 
P1.5 


3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 


4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 


5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSOA/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4A 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
VCC 
32 
46 
AD14/P4.6 
55 
23 
P1A 


10 
68 
VSS 
33 
45 
AD15/P4.7 
56 
22 
P1.3 


11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 


12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2A 
59 
19 
P1.0 


14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0/PVER/SALE 


15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1/PALE 


16 
62 
ALE/ADV 
39 
39 
PWM/P2.5/PDO/SPROG 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7 
63 
15 
EXTINT /P2.2/PRQG 


18 
60 
ADO/P3.0 
41 
37 
VPP 
64 
14 
VPD 


19 
59 
AD1/P3.1 
42 
36 
VSS 
65 
13 
VREF 


20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 


21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/POA/PMOD.0 


22 
56 
AD4/P3A 
45 
33 
P2.6 
68 
10 
ACH5/PO.5/PMOD.1 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


RXD/P2.1 


TXD/P2.0 


HSIO 


HSI1 


HSI2/HS04 


HSI3/HS05 


HSOO 


HS01 


HS02 


HS03 


VSS 


Vpp 


PWM/P2.5 


WRl/WR 


WRH/BHE 


READY 


AD15/P4.7 


AD14/P4.6 


AD13/P4.5 


AD12/P4.4 


AD11/P4.3 


AD10/P4.2 


AD9/P4.1 


AD8/P4.0 


RESET 


EXTINT/P2.2 


VpO 


VREF 
ANGND 


ACH4/PO.4 


ACH5/PO.5 


ACH7/PO.7 


ACH6/PO.6 


EA 


VCC 
VSS 
XTAl1 


XTAl2 


AlE/ADV 


RD 


ADO/P3.0 


AD1/P3.1 


AD2/P3.2 


AD3/P3.3 


AD4/P3.4 


AD5/P3.5 


AD6/P3.6 


AD7/P3.7 


171513 
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3 
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GRID ARRAY 
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Figure 
4. 68-Pln Package 
(Pin Grid Array 
- Top View) 
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The following 
section is an overview of the 8096BH. 
Additional 
information 
is available 
in the Microcon- 
troller Handbook, 
order number 230843-002. 


The 8096BH uses the same address space for both 
program 
and data memory, 
except 
in the address 
range from OOH through OFFH. Data fetches 
in this 
range are always to the Register 
File, while instruc- 
tion fetches from these locations are directed to ex- 
ternal memory. (Locations 
OOHthrough OFFH in ex- 
ternal 
memory 
are reserved 
for Intel development 
systems). 


Within the Register 
File, locations 
OOHthrough 
17H 
are register 
mapped 
I/O control 
registers, 
also re- 
ferred to as Special Function Registers 
(SFRs). The 
rest of the Register 
File (018H through 
OFFH) con- 
tains 232 bytes of RAM, which can be referenced 
as 
bytes, words, or double-words. 
This register 
space 
allows 
the 
user to keep the most frequently-used 
variables 
in on-chip 
RAM, which 
can be accessed 
faster' 
than 
external 
memory. 
Locations 
OFOH 
through OFFH can be preserved during power down 
via a separate 
power down pin (Vpo). 


Outside 
of the register 
file, program 
memory, 
data 
memory, and peripherals 
can be intermixed. The ad- 
dresses with special significance 
are: 


OOOOH- 0017H 
Register Mapped I/O (SFRs) 
0018H- 
0019H 
Stack Pointer 
1FFEH- 
1FFFH 
Ports 3 and 4 
2000H- 
2011H 
Interrupt Vectors 
2012H- 
2017H 
Reserved 
2018H 
Chip Configuration 
Byte 
2019H 
Reserved 
201AH- 
201BH 
"Jump to Self" Opcode (27 FE) 
201CH- 
201FH 
Reserved 
2020H- 
202FH 
Security Key 
2030H- 
207FH 
Reserved 
2080H 
Reset Location 


The 839XBH 
carries 
8K bytes of ROM, while 
the 
879XBH 
has 8K bytes of EPROM. 
With ROM and 
EPROM 
parts, the internal 
program 
memory 
occu- 


pies addresses 
2000H through 3FFFH. Instruction 
or 
data fetches 
from these addresses 
access the on- 
chip memory 
if the EA pin is externally 
held at a 
logical 
1. If the EA pin is at a logical 
0, these 
ad- 
dresses 
access 
off-chip 
memory. 
On the 879XBH 
parts, holding 
EA at + 12.5V puts the part in Pro- 
gramming 
Mode, which is described 
in the EPROM 
Characteristics 
Section of this data sheet. 


A memory 
map for the 
MCS-96 
product 
family 
is 
shown in Figure 6. 


The RALU (Register / ALU) section consists 
of a 17- 
bit ALU, 
the 
Program 
Status 
Word, 
the 
Program 
Counter, and several temporary 
registers. A key fea- 
ture of the 8096BH 
is that it does not use an accu- 
mulator. 
Rather, it operates 
directly on any register 
in the Register File. Being able to operate directly on 
data in the Register 
File without 
having to move it 
into and out of an accumulator 
results in a significant 
improvement 
in execution 
speed. 


In addition to the normal arithmetic 
and logical func- 
tions, the MCS-96 
instruction 
set provides 
the fol- 
lowing special features: 


6.25 JLs Multiply and Divide 
Multiple Shift Instruction 
3 Operand 
Instructions 
Normalize 
Instruction 
Software 
Reset Instruction 


All operations 
on the 8096BH 
take place in a set 
number of "State Times." 
The 8096BH uses a three 
phase internal clock, so each state time is 3 oscilla- 
tor periods. With a 12 MHz clock, 
each state time 
requires 0.25 JLs. 


Operating Modes 


The 8096BH supports a variety of options to simplify 
memory 
systems, 
interfacing 
requirements 
and 
ready control. 
Bus flexibility 
is provided 
by allowing 
selection 
of bus control 
signal definitions 
and run- 
time selection 
of the external bus width. In addition, 
several Ready control modes are available to simpli- 
fy the external hardware requirements 
for accessing 
slow 
devices. 
The 
Chip 
Configuration 
Register 
is 
used to store the operating 
mode information. 


OFOH 


OEFH !----------i 


INTERNAL 


REGISTER FILE 


(RAt.l) 


STACK 
POINTER 


loS1 


10SO 


RESERVED 


SP_STAT 


10 PORT 2 


10 PORT 1 


10 PORT 0 


Tlt.lER2 
(HI) 


Tlt.lER2 
(LO) 


Tlt.lERI 
(HI) 


Tlt.lERI 
(LO) 


INLPENOING 


INT_MASK 


S8UF 
(RX) 


HSLSTATUS 


HSLTIt.lE 
(HI) 


HSLTIt.lE 
(LO) 


AO_RESULT 
(HI) 


AO_RESULT 
(LO) 


RO (HI) 


RO (LO) 


STACK 
POINTER 


PWI,LCONTROl 


lOCI 


lOCO 


RESERVEO 


SP_CON 


10 PORT 2 


10 PORT 
1 


BAUD_RATE 


RESERVEO 


WATCHDOG 


INT_PENDING 


INT_WASK 


S8UF 
(TX) 


HSO_COWWAND 


HSO_Tlt.lE 
(HI) 


HSO_Tlt.lE 
(LO) 


H5Ltr.lODE 


AO_COWWAND 


RO (HI) 


RO (LO) 


255l 


240 


239 


26 


25 


24 
EXTERNAL 
t.lEt.lORY 
OR I/O 
23 


22 


21 
INTERNAL 
PROGRAt.l 


20 
STORAGE 
ROt.l!EPROt.l 
OR 


19 
EXTERNAL 
t.lEt.lORY 


'8 
RESERVEO 
17 
SECURITY 
KEY 
16 
RESERVEO 
15 
SELF JUt.lP 
OPCODE (27 
FE) 


U 
RESERVED 
13 
CHIP 
CONFIGURAnON 
BYTE 
- 


12 
, 
RESERVED 
11 


10 
INTERRUPT 
VECTORS 


9 


8 


7 
PORT 4 


6 
PORT 3 


5 
EXTERNAL 
t.lEt.lORY 


4 
OR I/O 


3 
INTERNAL 
RAM 


2 
REGISTER 
fiLE 


STACK 
POINTER 
1 
SPECIAL 
FUNCTION 
REGISTERS 


0 
(WHEN 
ACCESSED 
AS DATA t.lEt.lORY) 


2080H 


2030H 
- 207FH 


2020H 
- 
202FH 


201CH-201fH 


20TAH 
- 
2018H 


2019H 


2018H 


2012H-2017H 


20COH 


1fHH 


1ff[H 


Configuration 
information 
is stored in the Chip Con- 
figuration 
Register (CCR). Four of the bits in the reg- 
ister specify the bus control mode and ready control 
mode. 
Two 
bits 
also 
govern 
the 
level 
of 
ROM/EPROM 
protection 
and one 
bit is NANDed 
with the BUSWIDTH 
pin every bus cycle to deter- 
mine the bus size. The CCR bit map is shown 
in 
Figure 7, and the functions 
associated 
with each bit 
are described 
later. 


RESERVED 
(Set 
to 
1 for 
compatibility 
with future 
parts) 


BUS WIDTH SELECT 
(16 - BIT BUS /8--- -BI-T-BU-S) 


WRITE STROBE 
MODE SELECT 
(WR AND 
BHE/WRL 
AND WRH) 


ADDRESS 
VALID 
STROBE SELECT 


(ALE/ 
ADV) 


(IRCo) 
}INTERNAL 
READY 


(IRC1) 
CONTROL 
MODE 


(SECo)} 
PROGRAM 
SECURITY 


(SEC1) 
MODE 
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The CCR is loaded on reset with the Chip Configura- 
tion Byte,located 
at address 2018H. The CCR regis- 
ter is a non-memory 
mapped 
location that can only 
be written 
to during the reset sequence; 
once it is 
loaded it cannot be changed 
until the next reset oc- 
curs. The 8096BH will correctly 
read this location 
in 
every bus mode. 


If the 
EA pin is set to a logical 
0, the access 
to 
2018H comes from external memory. If EA is a logi- 
cal 
1, 
the 
access 
comes 
from 
internal 
ROM/EPROM. 
If EA is + 12.5V, the CCR is loaded 
with a byte from 
a separate 
non-memory-mapped 
location called PCCB (Programming 
CCB). The Pro- 
gramming 
mode is described 
in the EPROM Charac- 
teristics Section. 


The 
8096BH 
external 
bus width 
can 
be run-time 
configured 
to operate 
as a standard 
16-bit 
multi- 


plexed 
address/data 
bus, or as an 8088 minimum 
mode type 16-bit address/ 
8-bit data bus. 


During 16-bit bus cycles, Ports 3 and 4 contain 
the 
address multiplexed 
with data using ALE to latch the 
address. 
In 8-bit bus cycles, 
Port 3 is multiplexed 
address/ data while Port 4 is address bits 8 through 
15. The address bits on Port 4 are 'iB-lid throughout 
an 8-bit bus cycle. Figure 8 shows the two options. 


The bus width can be changed 
each bus cycle and 
is controlled 
using bit 1 of the CCR with the BUS- 
WIDTH 
pin. If either 
CCR.1 or BUSWIDTH 
is a 0, 


external accesses will be over a 16-bit address/8-bit 
data bus. If both CCR.1 and BUSWIDTH 
are 1s, ex- 
ternal accesses 
will be over a 16-bit address/16-bit 
data bus. Internal accesses 
are always 16-bits wide. 


The bus width can be changed 
every external 
bus 
cycle if a 1 was loaded into CCR bit 1 at reset. If this 
is the case, changing 
the value of the BUSWIDTH 
pin at run-time will dynamically 
select the bus width. 
For example, the user could feed the INST line into 
the BUSWIDTH pin, thus causing instruction 
access- 
es to be word wide from 
EPROMs 
while data ac- 
cesses are byte wide to and from RAMs. A second 
example 
would 
be to place an inverted 
version 
of 
Address 
bit 15 on the BUSWIDTH 
pin. This would 
make half of external memory word wide, while half 
is byte wide. 


Since BUSWIDTH 
is sampled 
after address 
decod- 
ing has had time to occur, even more complex mem- 
ory maps could be constructed. 
See the timing spec- 
ifications for an exact description 
of BUSWIDTH tim- 
ings. The bus width will be determined 
by bit 1 of the 
CCR alone on 48-pin parts since they do not have a 
BUSWIDTH 
pin. 


When using an 8-bit bus, some performance 
degra- 
dation is to be expected. 
On the 8096BH, instruction 
execution 
times with an 8-bit bus will slow down if 
any of three conditions 
occur. 
First, word writes to 
external memory will cause the executing 
instruction 
to take two extra state times to complete. 
Second, 
word reads from external 
memory will cause a one 
state time extension 
of instruction 
execution 
time. 
Finally, if the prefetch 
queue is empty when an in- 
struction 
fetch is requested, 
instruction 
execution 
is 
lengthened 
by one 
state 
time 
for 
each 
byte that 
must be externally 
acquired (worst case is the num- 
ber of bytes in the instruction 
minus one). 


PORT <4 


PORT 3 


8-BIT 
PORT <4 
LATCHED 
ADDRESS HIGH 


The 8096BH 
can be made to provide 
bus control 
signals 
of several 
types. Three 
control 
lines have dual 
functions 
designed 
to reduce external hardware. Bits 2 and 3 of the CCR specify the functions 
performed 
by 
these control 
lines. 


Standard 
Bus Control 


If CCR bits 2 and 3 are 1s, then the standard 8096BH control signals WR, BHE and ALE are provided (Fi~ 
9). WR will come out for eve~te. 
BHE will be valid throughout 
the bus cycle and can be combined 
with WR 
and address 
line 0 to form WRL and WRH. ALE will rise as the address 
starts to come out, and will fall to 
provide the signal to externally 
latch the address. 


_I 
_I 


BHE 1 
V_A_L1_D 
1 
ADO -7 
--1ADDR 
Lowl 
DATA OUT r--- 


ADO -15 --i 
ADDR I 
DATA OUT 
~ 
AD8 -15 ~ 
ADDRESS HIGH 
~ 
~--------_.- 


Figure 9. Standard 
Bus Control 


5-26 


Write Strobe Mode 


The Write Strobe Mode eliminates the necessity to externally decode for odd or even byte writes. If CCR bit 2 
is a 0, and the bus is in a 16-bit cycle, WRL and WRH signals are provided 
in place of WR and SHE (Figure 
10). WRL will go low for all byte writes to an even address and all word writes. WRH will go low for all byte 
writes to an odd address and all word writes. 


ALE~ 


VALID I 


WRITE 
HIGH 
I 
VALID I 
l- 


AD8 -15 -1__A_D_DR_E_S_S 
_H_IG_H__ 
~ 


ADO -7 
-1ADDR 
LOW I 
DATA 
OUT 


ADO -15 -1 
ADDR I 
DATA 
OUT 
~ 


If CCR bit 3 is a 0, then an Address Valid strobe is provided in the place of ALE (Figure 11). When the address 
valid mode is selected, ADV will go low after an external address is set up. It will stay low until the end of the 
bus cycle, where it will go inactive high. This can be used to provide a chip select for external 
memory. 


ADV 
r- 
ADV 


WRITE 
I 
WRITE 
I 


SHEI 
VALID 
I 
ADO -7 
~ADDR 
LOwl 
DATA OUT 
~ 


ADO -15 --G 
DATA OUT J- 
AD8 -15 
~ 
ADDRESS OUT HIGH 
~ 
270090-14 
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16-Bit Bus Cycle 
8-Bit Bus Cycle 


Address Valid with Write Strobe 


If both CCR bits 2 and 3 are Os, both the Address Valid strobe and the Write Strobes will be provided for bus 
control. 
Figure 12 shows these signals. 


LJ 


ADO -7 -1 ADDR LOW I DATA OUT 
~ 


AOO -15 
~ 
ADDR I 
DATA OUT 
~ 
AD8 -15 
~ 
ADDRESS HIGH 
L- 
1_-------_.- 


To 
simplify 
ready 
control, 
four 
modes 
of internal 
ready control 
logic have been provided. The modes 
are chosen 
by properly 
configuring 
bits 4 and 5 of 
the CCR. 


The internal ready control 
logic can be used to limit 
the number of wait states that slow devices can in- 
sert 
into the 
bus cycle. 
When 
the 
READY 
pin is 
pulled low, wait states will be inserted 
into the bus 
cycle until the READY pin goes high, or the number 
of wait states equals the number specified 
by CCR 
bits 4 and 5, whichever 
comes first. Table 3 shows 
the number of wait states that can be selected. 
In- 
ternal Ready control 
can be disabled 
by loading 
11 


into bits 4 and 5 of the CCR. 


IRC1 
IRCO 
Description 


0 
0 
Limit to 1 Wait State 
0 
1 
Limit to 2 Wait States 
1 
0 
Limit to 3 Wait States 
1 
1 
Disable Internal Ready Control 


This feature 
provides 
for simple ready control. 
For 
example, 
every slow memory chip select line could 
be ORed together 
and be connected 
to the READY 
pin with CCR bits 4 and 5 programmed 
to give the 
proper number of wait states to the slow devices. 


Four modes of program security are available on the 
839XBH 
and 
879XBH 
parts. 
CCR 
bits 
6 
and 
7 


(SECO, 
SEC1) 
select 
whether 
internal 
program 
memory can be read (or written in EPROM parts) by 
a program 
executing 
from 
external 
memory. 
The 
modes are shown in Table 4. Internal ROM/EPROM 
addresses 
2020H 
through 
3FFFH 
are 
protected 
from reads while 2000H through 3FFFH are protect- 
ed from writes, as set by the CCR. 


SEC1 
SECO 
Protection 


0 
0 
Read and Write Protected 
0 
1 
Write Protected 
1 
0 
Read Protected 
1 
1 
No Protection 


Only code executing from internal memory can read 
protected 
internal 
memory, 
while a write protected 
memory 
can not be written 
to, even from 
internal 
execution. 
As a result of 8096BH 
prefetching 
of in- 
structions, 
however, accesses 
to protected 
memory 
are 
not 
allowed 
for 
instructions 
located 
above 
3FFAH. Note that the interrupt vectors and the CCR 
are not protected. 


To ensure ROM/EPROM 
security while allowing ver- 
ification 
and testing, 
the 839XBH 
and 879XBH 
re- 
quire security key verification 
before programming 
or 
test modes are allowed 
to read protected 
memory. 


Before 
protected 
memory 
can 
be read, 
the 
chip 
reads 
external 
memory 
locations 
4020H 
through 
402FH and compares 
the values found to the inter- 
nal security key located from 2020H through 202FH. 
Only when the values exactly match will accesses 
to 
protected 
memory be allowed. 


The HSIO unit consists of the High Speed Input Unit 
(HSI), The High Speed Output Unit (HSO), one coun- 
ter and one timer. "High 
Speed" 
denotes 
that the 
units 
can 
perform 
functions 
related 
to the 
timers 
without 
CPU intervention. 
The 
HSI records 
times 
when events occur and the HSO triggers events at 
pre-programmed 
times. 


All actions within the HSIO unit are synchronized 
to 
the timers. The two 16-bit timer/counter 
registers in 
the HSIO unit are cleared on chip reset and can be 
programmed 
to generate 
an interrupt 
on overflow. 


The Timer 
1 register 
is automatically 
incremented 
every 8 state times 
(every 2.0 fJ.s, with a 12 MHz 
clock). The Timer 2 register can be programmed 
to 
count transitions 
on either the T2CLK 
pin or HSI.1 
pin. It is incremented 
on both positive and negative 
edges of the selected 
input line. In addition to being 
cleared by reset, Timer 2 can also be cleared in soft- 
ware or by signals from input pins T2RST or HSI.O. 
Neither 
of these 
timers 
is required 
for either 
the 
Watchdog 
timer or the serial port. 


The High Speed 
Input (HSI) unit can detect 
tran- 
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
made 
the 
transition. 
This 
information 
is recorded 
with 2 fJ.s (12 MHz system) resolution 
and stored in 
an 8-level 
FIFO. The unit can be programmed 
to 
look for four types of events, as shown in Figure 13. 
It can activate the HSI Data Available interrupt either 
when the Holding Register is loaded or the 6th FIFO 
entry has been made. Each input line can be individ- 
ually enabled or disabled to the HSI unit by software. 


HSI.O 


HSI.l 
HSI.2 


HSI.3 
L HITOLO 
I 
....•r 
LO TO HI 


~ 
HI OR LO 


2.0 ItS CLOCK 


TRIGGERED 


CHANGE 
INPUT(S) 


DETECTOR 


• 
PULSE MEASUREMENT WITH 2.0 "SEC 
RESOLUTION 
• 
INPUT TRANSITIONS TRIGGER THE RECORDING OF THE REFERENCE 
TIMER (16-Bln 
AND TRIGGERED INPUT(S) (4-BIT) 


The High Speed Output (HSO) unit is shown in Fig- 
ure 14. It can be programmed 
to set or clear any of 
its 6 output lines, reset Timer 2, trigger an AID con- 
version, 
or set one of 4 Software 
Timer flags at a 
programmed 
time. An interrupt 
can be enabled 
for 
any of these events. Either Timer 1 or Timer 2 can 
be referenced 
for the programmed 
time value and 
up 
to 
8 
commands 
for 
preset 
actions 
can 
be 
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CAIol FILE 


stored 
in the CAM (Content 
Addressable 
Memory) 


file at anyone 
time. As each action is carried out at 


its preset time that command 
is removed 
from the 
CAM making 
space 
for another 
command. 
HSO.4 


and HSO.5 are shared 
with the HSI unit as HSI.2 


and HSI.3, and can be individually 
enabled 
or dis- 


abled as outputs. 


High Speed 
Output 
Controls 
6 Pins 
4 Software 
Timers 
2 Interrupts 
Initiate AID Conversion 
Reset Timer 
2 


Figure 
14. High Speed Output 
Unit 


5-30 


There are 58-bit 
I/O ports on the 8096BH 
in addi- 
tion to the High Speed I/O lines. 


Port 0 is an input-only port which shares its pins with 
the analog 
inputs to the AID 
Converter. 
The port 
can be read digitally 
and/or, 
by writing to the AID 
Command 
Register, one of the lines can be selected 
as the input to the AID 
Converter. 
Port 0 is also 
used to input mode information 
on EPROM parts op- 
erating in the Programming 
mode. 


Port 1 is a quasi-bidirectional 
I/O port. "Quasi-bidi- 


rectional" 
means 
the port pin has a weak internal 
pullup that is always active and an internal pulldown 
which can either be on (to output a 0) or off (to out- 
put a 1). This configuration 
allows the pin to be used 
as either an input or an output without 
using a data 
direction 
register. 
In parallel with the weak internal 
pullup is a much stronger internal pullup that is acti- 
vated for one state time when the pin is internally 
driven from 0 to 1. This is done to speed up the O-to- 
1 transition 
time. 


Port 2 is a multi-functional 
port. 
Two 
of the 
pins 


(P2.6, 2.7) are quasi-bidirectional 
while the remain- 


ing 
six 
are 
shared 
with 
other 
functions 
in 
the 
8096BH, as shown in Table 5. Port 2 is also used for 
control 
signals 
by EPROM 
parts 
operating 
in the 
Programming 
Mode. 


Port 
Function 
Alternate 
Function 


P2.0 
output 
TXD (serial port transmit) 
P2.1 
input 
RXD (serial port receive) 
P2.2 
input 
EXTINT (external interrupt) 
P2.3 
input 
T2CLK (Timer 2 clock) 
P2.4 
input 
T2RST (Timer 2 reset) 
P2.5 
output 
PWM (pulse-width 
modulation) 


Ports 3 and 4 are bi-directional 
I/O ports with open 
drain outputs. These pins are also used as the multi- 
plexed 
address/ data bus when accessing 
external 
memory, 
in which 
case 
they 
have 
strong 
internal 
pull ups. The internal 
pullups 
are only 
used during 
external memory read or write cycles when the pins 
are outputting 
address 
or data bits. At any other 


time, the internal 
pullups are disabled. 
When used 
as a system bus, Ports 3 and 4 can be configured 
to 
be either a multiplexed 
16-bit address/data 
bus or a 


multiplexed 
16-bit address/ 
8-bit data bus. EPROM 
parts also use Ports 3 and 4 to pass programming 
commands, 
addresses, 
data and status. 


The serial port is compatible 
with the MCS-51 family, 
(8051, 8031 etc.), serial port. It is full duplex, 
and 
double-buffered 
on receive. 
There are 3 asynchro- 
nous modes and 1 synchronous 
mode of operation 
for the serial port. The asynchronous 
modes allow 
for 8 or 9 bits of data with even 
parity optionally 
inserted for one of the data bits. Selective 
interrupts 
based on the 9th data bit are available 
to support 
interprocessor 
communication. 


Baud rates in all modes are determined 
by an inde- 
pendent 
16-bit on-chip 
baud rate generator. 
Either 
the XTAL 1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. The maximum baud 
rate in the asynchronous 
mode is 187.5 KBaud. The 
maximum baud rate in the synchronous 
mode is 1.5 
MBaud. 


Pulse Width Modulator (PWM) 


The 
PWM output 
shares 
a pin with 
port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable 
width of 0 to 255 state times. 


The 
width 
is programmed 
by loading 
the 
desired 
value, in state times, to the PWM Control Register. 


The analog-to-digital 
converter 
is a 10-bit, succes- 
sive approximation 
converter 
with 
internal 
sample 
and hold. It has a fixed conversion 
time of 88 state 
times which includes the 4 state acquisition 
time of 
the internal Sample/Hold. 
With a 12 MHz clock, the 
conversion 
takes 22 /Ls, including the 1 /Ls sample 
for the Sample 
and Hold. The Sample 
acquisition 
begins 
4 state 
times 
after 
the 
conversion 
is trig- 
gered. A 2 pF capacitance 
is charged from the input 
signal during acquisition. 


The analog input must be in the range of 0 to VREF 
(nominally, VREF = 5V). This input can be selected 
from 8 analog input lines, which connect to the same 
pins as Port O. A conversion 
can be initiated 
either 
by setting a control bit in the A/D Command 
register, 
or by programming 
the HSO unit to trigger the con- 
version at some specified 
time. 


Interrupts 


The 8096BH 
has 20 interrupt 
sources which vector 
through 
8 interrupt vectors. 
A 0-to-1 transition 
from 


any of the sources 
sets a corresponding 
bit in the 
Interrupt 
Pending register. The content 
of the Inter- 
rupt Mask register determines 
if a pending interrupt 
will be serviced or not. If it is to be serviced, the CPU 
pushes the current Program Counter onto the Stack 
and reloads 
it with the vector 
corresponding 
to the 
desired interrupt. The interrupt vectors are located in 
addresses 
2000H through 
2011 H, as shown in Fig- 


ure 15. 


Vector Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


At the end of the interrupt 
routine the RET instruc- 


tion pops the program 
counter 
from the stack and 
execution 
continues 
where it left off. It is not neces- 
sary to store and replace 
registers 
during interrupt 


routines as each routine can be set up to use a dif- 


ferent section of the register file. This feature of the 
architecture 
provides for very fast context switching. 


While the 8096BH 
has a single priority level in the 


sense that any interrupt 
may itself be interrupted, 
a 


priority structure 
exists for resolving 
simultaneously 


pending interrupts, 
as indicated 
in Figure 15. Since 


the interrupt 
pending 
and interrupt 
mask 
registers 


can be manipulated 
in software, 
it is possible to dy- 


namically 
alter the interrupt 
priorities 
to suit the us- 


ers software. 


The watchdog 
timer is a 16-bit counter which, once 


started, 
is 
incremented 
every 
state 
time. 
If 
not 


cleared 
before 
it overflows, 
the RESET pin will be 


pulled down for two state times, causing the system 
to be reinitialized. 
In a 12 MHz system, the watchdog 


timer overflows 
after 16 ms. 


This feature 
is provided 
as a means of graceful 
re- 


covery from a software 
upset. The counter 
must be 


cleared 
by the software 
before it overflows, 
or else 
the system assumes an upset has occurred and acti- 
vates RESET. Once the watchdog 
timer is started it 


cannot be turned off by software. The flip-flop which 
enables 
the watchdog 
timer has been designed 
to 


maintain its state through Vcc glitches to as low as 
OV or as high as 7V for 1 ,...S to 1 ms. 


To start the watchdog 
timer, or to clear it, one writes 


1EH 
followed 
by 
OE1H 
to 
the 
WDT 
address 


(OOOAH).The Watchdog 
cannot 
be stopped 
once it 
is started unless the system is reset. 


Symbol 
Name and Function 


Vee 
Main supply voltage 
(5V). 
.. 


Vss 
Digital circuit ground (OV). 


VPD 
RAM standby supply voltage (5V). This voitage must be present during normal operation. 
In a Power 
Down condition 
(Le. Vcc drops to zero), if RESET is activated 
before Vee drops below spec and VPD 
continues 
to be held within spec., the top 16 bytes in the Register File will retain their contents. 
RESET 
must be held low during the Power Down and should not be brought high until Vee is within spec and 
the oscillator 
has stabilized. 


VREF 
Reference 
voltage for the AID converter 
(5V). VREF is also the supply voltage to the analog portion of 
the A/D converter 
and the logic used to read Port O. 


ANGND 
Reference 
ground for the A/D converter. 
Should be held at nominally the same potential 
as Vss. 


Vpp 
Programming 
voltage for the EPROM parts. It should be + 12.5V. This pin is Vaa on BX9X·90 parts. 


Systems that have this pin connected 
to ANGND through a capacitance 
(required on aX9X·90 parts) do 
not need to change. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT is % the oscillator 
frequency. 
It has a 
33 % duty cycle. 


RESET 
Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT and commences 
a 1O-state-time 
sequence 
in which the PSW is 
cleared, a byte read from 201aH loads CCR, and a jump to location 20aOH is executed. 
Input high for 


normal operation. 
RESET has an internal pull up. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus cycle in 
progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. If BUSWIDTH 
is a 0 an a-bit cycle occurs. If 


CCR bit 1 is a 0, the bus is always an a-bit bus. This pin is the TEST pin on BX9X·90 parts. Systems with 
TEST tied to Vee do not need to change. 
If this pin is left unconnected, 
it will rise to Vee. 


NMI 
A positive transition 
clears the watchdog 
timer count, and causes a vector to ex1ernal memory location 
OOOOH.Ex1ernal memory from OOHthrough OFFH is reserved for Intel development 
systems. 


INST 
Output high during an ex1ernal memory read indicates the read is an instruction 
fetch. INST is valid 
throughout 
the bus cycle. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high causes memory accesses 
to 
locations 
2000H through 3FFFH to be directed to on-chip 
ROM/EPROM. 
EA equal to a TTL·low causes 
accesses 
to these locations 
to be directed 
to off-chip 
memory. EA = + 12.5V causes execution 
to 
begin in the Programming 
mode. EA has an internal pulldown, 
so it goes to 0 unless driven otherwise. 


ALE/ADV 
Address 
Latch Enable or Address 
Valid output, as selected 
by CCR. Both pin options provide a latch to 
demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes inactive high at the 


end of the bus cycle. ADV can be used as a chip select for ex1ernal memory. ALE/ ADV is activated 
only 
during ex1ernal memory accesses. 


RD 
Read signal output to ex1ernal memory. RD is activated 
only during ex1ernal memory reads. 


WR/WRL 
Write and Write Low output to external memory, as selected 
by the CCR. WR will go low for every 
external write, while WRL will go low only for external writes where an even byte is being written. 
WR/WRL 
is activated 
only during external 
memory writes. 


Symbol 
Name and Function 


BHE/WRH 
Bus High Enable or Write High output to external memory, as selected 
by the CCR. BHE = a 


selects the bank of memory that is connected 
to the high byte of the data bus. AO = a selects 


the bank of memory that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit 


wide memory can be to the low byte only (AO = 0, BHE = 1), to the high byte only (AO = 1, 
BHE # = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the pin will go 


low if the bus cycle is writing to an odd memory location. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic memory, or 


for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. If the pin is low 


prior to the falling edge of CLKOUT, the Memory Controller 
goes into a wait mode until the next 


positive transition 
in CLKOUT occurs with READY high. The bus cycle can be lengthened 
by up 


to 1 '"'S. When the external 
memory is not being used, READY has no effect. Internal control of 


the number of wait states inserted 
into a bus cycle held not ready is available through 


configuration 
of CCR. READY has a weak internal pullup, so it goes to 1 unless externally 
pulled 


low. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. Two 


of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as inputs by 
EPROM parts in Programming 
mode. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 


HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


PortO 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as analog 


inputs to the on-chip A/D converter. 
These pins are also a mode input to EPROM parts in the 


programming 
mode. 


Port 1 
8-bit quasi-bidirectional 
I/O port. 


Port 2 
8-bit multi-functional 
port. Six of its pins are shared with other functions 
in the 8096BH, the 


remaining 
2 are quasi-bidirectional. 
These pins are also used to input and output control signals 


on EPROM parts in Programming 
Mode. 


Ports 3 and 4 
8·bit bi-directionall/O 
ports with open drain outputs. These pins are shared with the multiplexed 


address/data 
bus which has strong internal pullups. Ports 3 and 4 are also used as a command, 


address and data path by EPROM parts operating 
in the programming 
mode. 


The 8096BH 
instruction 
set makes 
use of six ad- 
dressing modes as described 
below: 


DIRECT-The 
operand 
is specified 
by an 8-bit ad- 
dress field in the instruction. 
The operand must be in 
the 
Register 
File or SFR space 
(locations 
OOOOH 
through OOFFH). 


IMMEDIATE-The 
operand 
itself 
follows 
the 
op- 


code 
in the instruction 
stream 
as immediate 
data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT-An 
8·bit address field in the instruction 
gives the word 
address 
of a word 
register 
in the 
Register 
File which 
contains 
the 16-bit address 
of 


the operand. The operand can be anywhere in mem- 
ory. 


INDIRECT 
WITH 
AUTO-INCREMENT -Same 
as 
Indirect, except that, after the operand is referenced, 
the word 
register 
that 
contains 
the operand's 
ad- 


dress is incremented 
by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


INDEXED 
(LONG AND SHORT~ 
The 
instruction 


contains 
an 8-bit address field and either an 8-bit or 


a 16·bit displacement 
field. The 8·bit address 
field 


gives the word 
address 
of a word 
register 
in the 


Register 
File which contains 
a 16-bit base address. 


The 8- or 16-bit displacement 
field contains a signed 


displacement 
that will be added to the base address 


to produce the address of the operand. The operand 
can be anywhere 
in memory. 


The 8096BH 
contains 
a Zero Register 
at word ad- 


dress OOOOH(and which contains 
OOOOH).This reg- 


ister is available for performing 
comparisons 
and for 


use as a base register 
in indexed 
addressing. 
This 


effectively 
provides 
direct addressing 
to all 64K of 


memory. 


In the 8096BH, the Stack Pointer is at word address 
0018H in the Register 
File. If the 8-bit address field 
contains 
18H, the Stack Pointer becomes 
the base 
register. This allows direct accessing 
of variables 
in 


the stack. 


The 
following 
tables 
list the 
MCS-96 
instructions, 


their opcodes, 
and execution 
times. 


nstruc Ion 
ummary 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/AD DB 
2 
O-O+A 
" " " " i - 
AOO/AOOB 
3 
O-B+A 
" " " " i 
- 


AOOC/AOOCB 
2 
0- 
O+A+C 
! " " " i - 


SUB/SUBB 
2 
O-O-A 
" " " " i - 
SUB/SUBB 
3 
O-B-A 
" " " " i 
- 


SUBC/SUBCB 
2 
0- 
0-A+C-1 
! " " " i 
- 
CMP/CMPB 
2 
O-A 
" " " " i 
- 


MUL/MULU 
2 
0,0 
+ 2 - 
0* A 
- 
- - - - 
? 
2 


MULIMULU 
3 
0,0 
+ 2 - 
B * A 
- - - - - 
? 
2 


MULB/MULUB 
2 
0,0+ 
1 - 
0* A 
- 
- - 
- 
- 
? 
3 


MULB/MULUB 
3 
0,0+ 
1 - 
B * A 
- - - - - 
? 
3 


OIVU 
2 
o - 
(0, 0 + 2)/ A, 0 + 2 
- 
remainder 
- - - " i 
- 
2 


OIVUB 
2 
o - 
(0,0+ 
1)/A, 0 + 1 
- 
remainder 
- 
- - " i - 
3 


OIV 
2 
o - 
(0, 0 + 2)/ A, 0 + 2 
- 
remainder 
- - - 
? 
i 
- 


OIVB 
2 
0- 
(0,0 
+ l)/A, 
0 + 1 
- 
remainder 
- 
- 
- 
? 
i 
- 


ANO/ANOB 
2 
o - 
OandA 
" " 
0 
0 - 
- 
ANO/ANOB 
3 
0- 
BandA 
" " 
0 
0 
- 
- 
OR/ORB 
2 
0- 
DorA 
" " 
0 
0 
- 
- 


XOR/XORB 
2 
0- 
o (excl. or) A 
" " 
0 
0 
- 
- 
LO/LDB 
2 
O-A 
- 
- - - - - 
ST/STB 
2 
A-O 
- 
- - 
- 
- 
- 
LOBSE 
2 
O-A;O+l 
- 
SIGN(A) 
- 
- - 
- 
- 
- 
3,4 


LOBZE 
2 
0-A;0+1-0 
- 
- - - 
- 
- 
3,4 


PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- 
- - - 
- 
- 
POP 
1 
A - 
(SP); SP - 
SP + 2 
- 
- - - - 
- 
PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW - 
OOOOH 
1-0 
POPF 
0 
PSW - 
(SP); SP - 
SP + 2; 
1-" 
" " " " " " 
SJMP 
1 
PC - 
PC + 11-bit offset 
- 
- - - 
- 
- 
5 
LJMP 
1 
PC - 
PC + 16·bit offset 
- - - - - - 
5 
BA [indirect] 
1 
PC - 
(A) 
- - - - - - 
SCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- - - - - 
5 
PC - 
PC + 11-bit offset 
LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- - 
- - 
5 
PC - 
PC + 16-bit offset 
RET 
0 
PC - 
(SP); SP - 
SP + 2 
- 
- - 
- 
- - 
J (conditional) 
1 
PC - 
PC + 8·bit offset (if taken) 
- 
- 
- - - - 
5 
JC 
1 
JumpifC 
= 1 
- 
- - 
- 
- 
- 
5 
JNC 
1 
Jump ifC = 0 
- 
- - 
- - - 
5 
JE 
1 
JumpifZ 
= 1 
- 
- - - - 
- 
5 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands 0, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORDaligned. 
3. D, D + 1 are consecutive BYTESin memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 
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Mnemonic 
.Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
Jump 
if Z = 0 
- - - - - - 
5 


JGE 
1 
Jump 
if N = 0 
- - - - 
- 
- 
5 


JLT 
1 
Jump 
if N = 1 
- - - - - - 
5 


JGT 
1 
Jump 
if N = 0 and Z = 0 
- - - - 
- - 
5 


JLE 
1 
Jump 
if N = 1 or Z = 1 
- - - - - - 
5 


JH 
1 
Jump 
if C = 1 and Z = 0 
- - - - - - 
5 


JNH 
1 
Jump 
if C = 0 or Z = 1 
- - - - 
- - 
5 


JV 
1 
Jump 
if V = 1 
- - - - 
- - 
5 


JNV 
1 
Jump 
if V = 0 
- - - - - - 
5 


JVT 
1 
Jump 
if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump 
if VT = 0; Clear VT 
- - - - 
0 - 
5 


JST 
1 
Jump 
ifST 
= 1 
- - - - - - 
5 


JNST 
1 
Jump 
ifST 
= 0 
- - - - 
- 
- 
5 


JBS 
3 
Jump if Specified 
Bit = 1 
- - - - - - 
5,6 


JBC 
3 
Jump 
if Specified 
Bit = 0 
- - - - - 
- 
5,6 


OJNZ 
1 
o - 
0 - 
1; if 0 
"1= 0 then 
PC 
- 
PC + a-bit offset 
- - - - - - 
5 


OEC/OECB 
1 
0-0-1 
'" 
'" 
'" 
'" 
t 
- 


NEG/NEGB 
1 
0-0-0 
'" 
'" 
'" 
'" 
t - 


INC/INCB 
1 
0-0+1 
'" 
'" 
'" 
'" 
t 
- 


EXT 
1 
o - 
0; 0 + 2 
- 
Sign (D) 
'" 
'" 
0 
0 - - 
2 


EXTB 
1 
0- 
0;0 
+ 
1 - 
Sign(O) 
'" 
'" 
0 
0 - - 
3 


NOT/NOTB 
1 
o - 
Logical 
Not (D) 
'" 
'" 
0 
0 
- - 


CLR/CLRB 
1 
0-0 
1 
0 
0 
0 
- 
- 


SHL/SHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
'" 
? 
'" 
'" 
t 
- 
7 


SHRISHRB/SHRL 
2 
o ~ 
msb-----Isb 
~ 
C 
'" 
? 
'" 
0 - 
'" 
7 


SHRAISHRAB/SHRAL 
2 
msb 
~ 
msb-----Isb 
~ 
C 
'" 
'" 
'" 
0 
- 
'" 
7 


SETC 
0 
C-1 
- - 
1 - - - 


CLRC 
0 
C-O 
- - 
0 
- 
- 
- 


CLRVT 
0 
VT 
- 
0 
- - - - 
0 
- 


RST 
0 
PC 
- 
20aOH 
0 
0 
0 
0 
0 
0 
a 


01 
0 
Disable 
All Interrupts 
(I - 
0) 
- - - - - 
- 


EI 
0 
Enable 
All Interrupts 
(I - 
1) 
- - - - 
- - 


NOP 
0 
PC-PC+1 
- - - - 
- 
- 


SKIP 
0 
PC-PC+2 
- - - - - 
- 


NORML 
2 
Left shift till msb = 1; 0 
- 
shift count 
'" 
? 
0 
- 
- 
- 
7 


TRAP 
0 
SP 
- 
SP - 
2; (SP) 
- 
PC 
PC 
- 
(2010H) 
- - - - 
- 
- 
9 


NOTES: 
1. If the mnemonic 
ends in "8", 
a byte operation 
is performed, 
otherwise 
a word operation 
is done. Operands 
0, 8 and A 
must conform 
to the alignment 
rules for the required 
operand 
type. 
0 and 8 are locations 
in the register 
file; A can be 
located 
anywhere 
in memory. 
5. Offset 
is a 2's complement 
number. 


6. Specified 
bit is one of the 2048 bits in the register file. 
7. The "L" 
(Long) suffix indicates 
double-word 
operation. 
8. Initiates 
a Reset 
by pulling 
RESET 
low. Software 
should 
re-initialize 
all the 
necessary 
registers 
with code 
starting 
at 


2080H. 
9. The assembler 
will not accept 
this mnemonic. 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 


NORMAL 
AUTO-INC. 
SHORT 
LONG 


0 
(J) 
Z 
Q 


e@> 
z 
W 
W 
W 
e(J) 
e(J) 
W 
e@> 
0 
0( 
Q 
(J) 
Q 
(J) 
Q 
(J) 
(J) 
Q 
(J) 
-(J) 
(J) 
-(J) 
2 
a: 
0 
W 
W(J) 
0 
W 
W(J) 
0 
W 
Ww 
W 
Ww 
0 
W 
Ww 
W 
Ww 
W 
W 
0 
~ 
!;(W 
0 ~ 
!;(W 
0 
~ 
!;(2 
~ 
!;(2 
0 
~ 
!;(:& ~ 
!;(2 
z 
0.. 
0.. 
t-'~ 
0.. 
t-'~ 
0.. 


li;i= 
t-'- 
0.. 


li;i= 
li;i= 
2 
0 
0 
m 
(J)'" 
0 
m 
(J)'" 
0 
m 
m 
(J)'" 
0 
m 
m 


ARITHMETIC 
INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8113 


AD DB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


ADDB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8113 
57 
5 
7/12 
6 
8113 


ADDC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7112 
A7 
4 
6/11 
5 
7/12 


ADDCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8/13 
4B 
5 
7/12 
6 
8113 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
6D 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
4D 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
7D 
3 
17 
7E 
3 
19/24 
3 
20/25 
7F 
4 
19124 
5 
20125 


MULUB 
3 
5C 
4 
18 
5D 
4 
18 
5E 
4 
20125 
4 
21126 
5F 
5 
20125 
6 
21126 


MUL 
2 
~ 
4 
29 
@ 
5 
30 
@ 
4 
31/36 
4 
32137 
~ 
5 
31136 
6 
32/37 


MUL 
3 
~ 
5 
30 
@ 
6 
31 
@ 
5 
32/37 
5 
33/38 
@ 
6 
32/37 
7 
33/38 


MULB 
2 
~ 
4 
21 
@ 
4 
21 
~ 
4 
23/28 
4 
24129 
@ 
5 
23/28 
6 
24129 


MULB 
3 
@ 
5 
22 
@ 
5 
22 
@ 
5 
24/29 
5 
25/30 
@ 
6 
24/29 
7 
25/30 


DIVU 
2 
8C 
3 
25 
8D 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29133 


DIVUB 
2 
9C 
3 
17 
9D 
3 
17 
9E 
3 
20124 
3 
21125 
9F 
4 
20/24 
5 
21/25 


DIV 
2 
@ 
4 
29 
@ 
5 
30 
@ 
4 
32/36 
4 
33/37 
@ 
5 
32/36 
6 
33/37 


DIVB 
2 
~ 
4 
21 
@ 
4 
21 
@ 
4 
24/28 
4 
25/29 
@ 
5 
24/28 
6 
25/29 


Notes: 
@ Long indexed 
and Indirect + instructions 
have identical 
opocodes 
with Short indexed and Indirect 
modes. 
respectively. 
The second 


byte of instructions 
using any indirect or indexed 
addressing 
mode specifies the exact mode used. 
If the second byte is even. 
use 
Indirect or Short Indexed. 
If it is odd. use Indirect + or Long indexed. 
In all cases the second byte of the instruction 
always specifies 
an even (word) location 
for the address referenced. 


(j) Number 
of state times shown for internal/external 
operands. 


~ 
The opcodes 
for signed multiply 
and divide are the opcodes 
for the unsigned 
functions with an "FE" 
appended 
as a prefix. 
® State times shown for l6-bit 
bus. 


INDIRECT0 
INDEXED0 


DIRECT 
IMMEDIATE 
NORMAL 
AUTO-INC. 
SHORT 
LONG 


u 
(/) 
Z 
0 
W 
W 
W 
e@ 
e@ 
z 
W 
e(/) 
e(/) 
0 
c 
0 
(/) 
0 
(/) 
0 
(/) 
(/) 
0 
(/) 
-(/) 
(/) 
~(/) 


::lE 
0 
W(/) 
0 
W(/) 
0 
Ww 
Ww 
0 
Ww 
Ww 
a:: 
W 
!;(W 
W 
!;(W 
W 
!;(::lE W 
!;(::lE 
W 
!;(::lE W 
!;(::lE 
W 
W 
U 
~ 
U 
~ 
U 
~ 
~ 
U 
~ 
~ 
Z 
B. 
B. 
I-"! 
B. 
I-"! 
B. 
1-"- 
l;ji= 
B. 
l;ji= 
1-'- 


::lE 
0 
0 
ID 
(/)1- 
0 
ID 
(/) 1-. 
0 
ID 
(/)1- 
ID 
0 
ID 
ID 
(/)1- 


LOGICAL 
INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/11 
3 
7/12 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7/12 
73 
4 
6111 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8113 
53 
5 
7112 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/11 
3 
7/12 
83 
4 
6/11 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6111 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6/11 
3 
7/12 
87 
4 
6/11 
5 
7112 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6/11 
5 
7112 


DATA TRANSFER 
INSTRUCTIONS 


LD 
2 
AO 
3 
4 
Al 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6111 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6/11 
3 
7112 
B3 
4 
6/11 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
-- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
-- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6/11 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6/11 
3 
7/12 
AF 
4 
6/11 
5 
7/12 


STACK OPERATIONS 
(Internal stack) 


PUSH 
I 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11/15 
2 
12/16 CB 
3 
11/15 4 
12/16 


POP 
I 
CC 
2 
12 
- 
- 
-- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
I 
8 


POPF 
0 
F3 
i 
9 


STACK OPERATIONS 
(external 
stack) 


PUSH 
I 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16/20 
CB 
3 
15/19 
4 
16/20 
POP 
I 
CC 
2 
14 
- 
- 
-- 
CE 
2 
16/20 
2 
16/20 
CF 
3 
16/20 
4 
16/20 
PUSHF 
0 
F2 
I 
12 


POPF 
0 
F3 
I 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 
UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16® 


SJMP 
20-27® 
2 
8 
SCALL 
28-2F® 
2 
13/16® 


BRIl 
E3 
2 
8 
RET 
FO 
I 
12/16® 


Notes: 
TRAP@ 
F7 
I 
21124 


CDNumber of state limes shown for Internal/external 
operands. 
(3) The assembler 
does not accept this mnemonic. 


@ The least significant 
3 bits of the opcode are concatenated 
with the following 8 bits to form an II-bit, 
2's complement, 
offset for the 


relative call or jump. 


<5>State times for stack located internal/external. 


<ID State times shown for 16-bit bus. 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not.(8) 


MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
DB 
JE 
DF 
JGE 
D6 
JGT 
D2 


JNC 
D3 
JNE 
D7 
JLT 
DE 
JLE 
DA 


JH 
D9 
JV 
DD 
JVT 
DC 
JST 
D8 


JNH 
Dl 
JNV 
D5 
JNVT 
D4 
JNST 
DO 


These instructions 
are 3-byte instructions. 
They require 9 state times if the jump is taken, 5 if it is not'(8) 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 


MNEMONIC 


DJNZ 


OPCODE 


EO 


LOOP CONTROL 


BYTES 
3 


STATE TIMES 


5/9 STATE TIME (NOT TAKEN/TAKEN)(8) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


DEC 
05 
2 
4 
EXT 
06 
2 
4 


DECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBLWD 
STATE TIMES(8) 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
OD 
3 
7 + 1 PER SHIFT(7) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + 1 PER SHIFT(7) 


SHRA 
OA 
3 
SHRAB 
1A 
3 
SHRAL 
OE 
3 
7 + 1 PER SHIFT(7) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


SETC 
F9 
1 
4 
DI 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
Nap 
FD 
1 
4 


RST 
FF 
1 
166 
SKIP 
00 
2 
4 


MNEMONIC 


NORML 


NOTES: 
6. This instruction 
takes 2 states to pull RST low, then holds it low for 2 states to initiate a reset. The reset takes 
12 states, 


at which time the program 
restarts 
at location 
2080H. 


7. Execution 
will take at least 8 states, even for 0 shift. 
8. State times shown for 16-bit bus. 


IJ 


CHANNEL 
1/ 
SELECTS 
WHICH 
OF THE 8 
1 
ANALOG INPUT CHANN£lS 
IS TO BE 
CONVERTED 
TO DIGITAL 
FORW. 


: 
GO INDICATES 
WHEN 
THE CONVERSION 
IS TO 


BE INITIATED(GO 
= 1 WEANS 
START HOW, 


GO = 0 MEANS 
THE CONVERSION 
IS TO BE 


INITIATED 
BY THE H5Q 
UNIT AT A SPECIF'I£D 
milE). 
270090-24 


STATUS: 
a = A/a 
CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


a 
} 


W 
1 
R 
I 
2 


T 
E 
3 


BIT 1, BlTo 
SPECIFY 
THE WOOE 
00= 
•••00£0 
10=1r.40DE2 
01=10400£1 
11= 
•••00£3 


PEN 
ENABLE 
THE PARITY FUNCTION 


REM 
ENABLES 
THE RECENt 
FUNCTION 


T88 
PROGRAMS 
THE 9TH 
DATA BIT 


11 
IS THE TRANSWIT 
INTERRUPT 
FLAG 


R 1 
IS THE RECEIVE 
INTERRUPT 
FLAG 


Re8 
IS THE 9TH DATA RECEIVED 
(IF 
NOT PARITY) 


RPE 
IS THE PARITY ERROR INDICATOR 
(IF' PARITY 
ACTIVE) 


HSI.O 
t.40DE 


HSI.' 
t.40DE 


HSI.2 
t.40DE 


HSI.3 
t.40DE 


WHERE 
EACH 
2 - 
BIT t.40DE 
CONTROL 
FIELD 
DEFINES 
ONE 
OF 4 POSSIBLE 
t.40DES: 


00 
B POSITIVE 
TRANSITIONS 


01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRANSITION 
11 
EVERY 
TRANSITION 


(POSITIVE 
AND 
NEGATIVE) 


Using XTAll: 


M 
. Baud _ XTAll 
frequency 
. 


ode o. 
Rate - 
4'(B + 1) 
, B 0# 0 


Baud 
XTAll 
frequency 
Others: 
Rate = 
64' 
(B + 1) 


Using T2CLK: 


Md' 
Baud _ T2CLK frequency. 


a e O. 
Rate 
- 
B 
' B 0# 0 


Others: 
Baud ~ T2CLK frequency. 
B 0# 0 


Rate 
16'B 
' 


Note that B cannot equal 0, except when using XTAL1 in other 
than mode O. 


CHANNEL: 
O-S 
HSO.O - 
HSO.S 


BIT: 
a 
] 
6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


B-B 
SOFTWARE 
TIt.4ERS 


E 
RESET 
TIt.4ER2 


F 
START 
A / 
0 CONVERSION 


INTERRUPT 
/ 
NO 
INTERRUPT 


S 
SET /CLEAR 


TIt.4ER 2/ 
TIt.4ER 1 


RESERVED (Set to 1 for 
compatibility 
with future 
ports) 


BUS WIDTH SELECT 
(16-8IT 
Bus/e-BIT 
BUS) 


WRITE STROBE 
WODE SELECT 
(WR AND lmE/WI![ 
AND WRH) 


AOORESS~lID 
STROBE 
SELECT 
(.eEl 
ADV) 


(IRCO) 
) INTERNAL 
READY CONTROL 


(IRCI) 
WOO[ 


(SECD») 
(SEC1) 
PROGRAW 
SECURITY 
WODE 


270090-32 


HSI.O 
STATUS 


HSI.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
FOR 
EACH 
2 - 
BIT STATUS 
FIELD 
THE 
LOWER 
BIT INDICATES 
WHETHER 
OR NOT 
AN 
EVENT 
HAS 
OCCURED 
ON THIS 
PIN 
AND 
THE 
UPPER 
BIT INDICATES 
THE 
CURRENT 
STATUS 
OF THE 
PIN. 


HSI.O 
INPUT 
ENABLE / 
DISABLE 


TIMER 2 RESET EACH WRITE 


HSI.1 
INPUT 
ENABLE / 
DISABLE 


TIMER 2 EXTERNAL 
RESET ENABLE / 
DISABLE 


HSI.2 
INPUT 
ENABLE / 
DISABLE 


TIMER 2 RESET SOURCE 
HSI.O / 
T2RST 


HSI.3 
INPUT 
ENABLE / 
DISABLE 


TIMER 2 CLOCK 
SOURCE 
HSl.l 
/ 
T2CLK 


270090-30 


T2RST --0 
.--IOCO.5 
I~ 
A-----T2 
RESET 
~. 
•• 
- IOCO.3 
• _. 
10CO.0 


HSI.O 
~--------HSI 


•• 
- IOCO.2 
r<>"'-o--------HSI 


HSI.l 
~--------TlMER2 


T2CLK --0 
:.-IOCO.7 
CLOCK 


•• 
- IOCO.4 


HSI.2 --0 "'-o_-------HSI 


•• 
- IOCO.6 


HSI.3 --0 "'-o--------HSI 


270090-29 


SELECT 
PWM/ 
SELECT 
P2.5 


EXTERNAL 
INTERRUPT 
ACH7 / 
EXTINT 


TIMER 
1 OVERFLOW 
INTERRUPT 
ENABLE / 
DISABLE 


TIMER 2 OVERFLOW 
INTERRUPT 
ENABLE / 
DISABLE 


HSO.4 
OUTPUT 
ENABLE / 
DISABLE 


SELECT 
TXD / 
SELECT 
P2.0 


HSO.5 
OUTPUT 
ENABLE / 
DISABLE 


HSI INTERRUPT 
FifO fULL / 
-HO-L-D-IN-G-R-E-G-IS-TE-R-L-O-A-D-ED 


Vector Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011 H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


1050 (15H) 
1051 (16H) 


0 
HSO.O 
CURRENT 
STATE 
0 
SOFTWARE 
TIMER 0 EXPIRED 
HSO.l 
CURRENT 
STATE 
SOFTWARE 
TIMER 
1 EXPIRED 
2 
HSO.2 
CURRENT 
STATE 
2 
SOFTWARE 
TIMER 2 EXPIRED 
3 
HSO.3 
CURRENT 
STATE 
3 
SOFTWARE 
TIMER 3 EXPIRED 
4 
HSO.4 
CURRENT 
STATE 
4 
TIMER 2 HAS 
OVERFLOW 
5 
HSO.5 
CURRENT 
STATE 
5 
TIM ER 1 HAS 
OVERFLOW 
6 
CAM QE HOLDING 
REGISTER IS FULL 
6 
HSI FIFO IS FULL 
7 
HSO HOLDING 
REGISTER IS FULL 
7 
HSI HOLDING 
REGISTER DATA AVAILABLE 


270090-27 
270090-28 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS· 


Ambient Temperature 
Under Bias .... 
O·C to + 70·C 


Storage Temperature 
- 40·C to + 150·C 


Voltage from Any Pin to 
VSS or ANGND 
-O.3V 
to + 7.0V 


Average Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5W 


•Notice: 
Stresses 
above 
those listed under 
"Abso- 
lute Maximum Ratings" 
may cause permanent 
dam- 
age to the device. 
This is a stress rating only and 
functional 
operation 
of the device 
at these or any 
other conditions 
above those indicated 
in the opera- 
tional sections of this specification 
is not implied. Ex- 


posure 
to absolute 
maximum 
rating 
conditions 
for 
extended periods 
may affect device reliability. 


NOTICE 
Specifications 
contained 
within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Sias 
0 
+70 
C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog Supply Voltage 
4.50 
5.50 
V 


fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


VPD 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(Except RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage (Except RESET, NMI, XTAL 1) 
2.0 
Vee +0.5 
V 


VIH1 
Input High Voltage, 
RESET Rising 
2.4 
Vee +0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling 
2.1 
Vee +0.5 
V 


VIH3 
Input High Voltage, 
NMI, XTAL 1 
2.2 
Vee +0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 2) 


Ice 
Vee Supply Current 
200 
mA 
All Outputs 
Disconnected. 


IpD 
VPD Supply Current 
1 
mA 
Normal operation 
and Power-Down. 


IREF 
VREF Supply Current 
8 
mA 


III 
Input Leakage Current to all pins of HSI, PO 
±10 
p.A 
V;n= 
OtoVee 
P3, P4, and to P2.1. 
(Note 3) 


IIH 
Input High Current to EA 
100 
p.A 
VIH = 2.4V 


IlL 
Input Low Current to all pins of P1, 
-100 
p.A 
VIL = 0.45V 
and to P2.6, P2.7. 


IIL1 
Input Low Current to RESET 
-2 
mA 
VIL = 0.45V 


IIL2 
Input Low Current P2.2, P2.3, P2.4 READY 
-50 
p.A 
VIL = 0.45V 


Cs 
Pin Capacitance 
(Any Pin to Vss) 
10 
pF 
fTEST 
= 
1.0 MHz 


NOTES: 
1. IOL = 0.36 mA for all pins of P1, for P2.6 and P2.7, and for all pins of P3 and P4 when used as ports. 
IOL = 
2.0 mA for TXD, RXD (in serial port mode 0), PWM, CLKOUT, 
ALE, SHE, RD, WR, and all pins of HSO and P3 and 
P4 when used as external 
memory 
bus (ADO-AD15). 
2.IOH 
= 
-20 
p.A for all pins of P1, or P2.6 and P2.7. 
IOH = 
-200 
p.A for TXD, RXD (in serial port mode 0), PWM, CLKOUT, 
ALE, SHE, WR, and all pins of HSO and P3 and P4 
when used as external 
memory 
bus (ADO-AD15). 
P3 and P4, when used as ports, have open-drain 
outputs. 
3. Analog 
Conversion 
not in process. 


AID 
Converter 
operation 
is verified 
only 
on 
the 
8097BH, 
8397BH, 
8095BH, 
8395BH, 
8797BH, 


8795BH. 


Resolution 
± 0.001 VREF 


Accuracy 
± 0.004 VREF 


Differential 
nonlinearity 
±0.002 VREF max 


Integral nonlinearity 
± 0.004 VREF max 


Channel-to-channel 
matching 
± 1 LSB 


Crosstalk (DC to 100 KHz) .......••.. 
- 60 dB max 


The absolute 
conversion 
accuracy 
is dependent 
on 


the accuracy 
of VREF. The specifications 
given be- 
low assume adherence 
to the Operating 
Conditions 
section 
of these 
data 
sheets. 
Testing 
is done 
at 
VREF = 5.120V. 


A.C. CHARACTERISTICS 
(Vcc, VPD = 4.5 to 5.5V; T A = O·C to 70·C; fosc 
= 6.0 to 12.0 MHz) 


Test Conditions: 
Load Capacitance 
on Output Pins = 80 pF 
Oscillator 
Frequency 
= 12 MHz 


Symbol 
Parameter 
Min 
Max 
Units 


TCLYX(5) 
READY Hold after CLKOUT Edge 
0(1) 
ns 


TLLYV 
End of ALE to READY Setup 
-Tosc 
2Tosc-60 
ns 


TLLYH 
End of ALE to READY High 
2Tosc+40 
4Tosc-40 
ns 


TYLYH 
Non-ready Time 
1000 
ns 


TAVDV 
Address Valid to Input Data Valid 
5Tosc-80 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc-60 
ns 


TRHDX 
Data Hold after RD Inactive(3) 
0 
ns 


TRHDZ 
RD Inactive to Input Data Float(3) 
0 
Tosc-20 
ns 


TAVGV(5) 
Address valid to BUSWIDTH valid 
2 Tosc -100 
ns 


TLLGX(5) 
BUSWIDTH 
hold after ALE/ ADV low 
Tosc + 10 
ns 


TLLGV(5) 
ALE/ ADV low to BUSWIDTH valid 
Tosc -50 
ns 


NOTE: 
5. Pins not bonded 
out on 48-pin parts. 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


TCHCH(5) 
CLKOUT Period(3) 
3TosC(4) 
3Tosc(4) 
ns 


TCHCU5) 
CLKOUT High Time 
Tosc-20 
Tosc+20 
ns 


TCLLH(5) 
CLKOUT Low to ALE High 
-5 
20 
ns 


TLLCH(5) 
ALE Low to CLKOUT High 
Tosc-20 
Tosc+40 
ns 


TLHLL 
ALE Pulse Width 
Tosc-25 
Tosc+15 
ns 


TAVLL 
Address Setup to End of ALE 
Tosc-50 
ns 


TLLRL 
End of ALE to RD or WR Active 
Tosc-20 
ns 


TLLAX 
Address hold after End of ALE 
Tosc-20 
ns 


TWLWH 
WR Pulse Width 
3Tosc-35 
ns 


TOVWH 
Output Data Valid to End of WR 
3Tosc-60 
ns 


TWHOX 
Output Data Hold after WR 
Tosc-25 
ns 


TWHLH 
End of WR to Next ALE 
Tosc-25 
ns 


TRLRH 
RD Pulse Width 
3Tosc-30 
ns 


TRHLH 
End of RD to Next ALE 
Tosc-25 
ns 


TCLVU5) 
CLOCKOUT 
Low to ADV Low 
Tosc-20 
Tosc+ 
20 
ns 


TRHSX(5) 
RD High to INST, SHE, AD8-15 Inactive 
Tosc 
Tosc+30 
ns 


TWHSX(5) 
WR High to INST, SHE, AD8-15 Inactive 
Tosc 
Tosc+30 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2Tosc-20 
2Tosc+20 
ns 


TLLHL 
ALE Low to WRL, WRH Low 
2Tosc-20 
2Tosc+20 
ns 


TOVHL 
Output Data Valid to WRL, WRH Low 
Tosc-60 
ns 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated 
by assuming 
that the CLKOUT 
falling edge has occurred 
at 2Tosc+60 
(TLLCH(max) 
+ TCHCL(max» 
after the falling edge of ALE. 
2. If more than one wait state is desired, 
add 3Tosc for each additional 
wait state. 
3. This specification 
is not tested, 
but is verified 
by design analysis and/or 
derived 
from other tested 
parameters. 
4. CLKOUT 
is directly generated 
as a divide by 3 of the oscillator. 
The period will be 3Tosc 
± 10 ns if Tosc is constant 
and 
the rise and fall times on XTAL 1 are less than 10 ns. 
5. Pins not bonded 
out on 48-pin parts. 


NOTE: 
For word reads or writes in the 8·bit bus mode the 8X9XBH 
performs 
two complete 
bus cycles. 


Symbol 
Parameter 
Min 
Max 
Units 


TXLXL 
Serial Port Clock Period 
8Tosc 
ns 


TXLXH 
Serial Port Clock Falling Edge to Rising Edge 
4Tosc-50 
4Tosc+50 
ns 


TQVXH 
Output Data Setup to Clock Rising Edge 
3Tosc 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2Tosc 
- 
50 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2Tosc 
+50 
ns 


TOVXH 
Input Data Setup to Clock Rising Edge 
3Tosc 
- 
30 
ns 


TXHOX 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ 
Last Clock Rising to Output Float 
5Tosc 
ns 


The 879XBH contains 8K bytes of ultraviolet 
Erasea- 
ble and Electrically 
Programmable 
Read Only Mem- 
ory (EPROM) for internal storage. This memory can 
be programmed 
in a variety of ways - 
including at 
run-time under software 
control. 


The 
EPROM 
is 
mapped 
into 
memory 
locations 
2000H through 3FFFH if EA is a TTL high. However, 
applying + 12.5V to EA when the chip is reset will 


. place the 879XBH 
in EPROM 
Programming 
mode. 
The Programming 
mode has been implemented 
to 
support EPROM programming 
and verification. 


When an 879XBH 
is in Programming 
mode, special 
hardware 
functions 
are available to the user. These 
functions 
include 
algorithms 
for 
slave, 
gang 
and 
auto EPROM programming. 


Three 
flexible 
EPROM 
programming 
modes 
are 
available on the 879XBH-auto, 
slave and run-time. 


These modes can be used to program 879XBHs in a 
gang, stand alone or run-time environment. 


The Auto Programming 
Mode enables an 879XBH to 
program itself, and up to 15 other 879XBHs, with the 
8K bytes of code beginning at address 4000H on its 
external 
bus. The Slave Mode provides 
a standard 
interface that enables any number of 879XBHs to be 
programmed 
by a master device such as an EPROM 
programmer. 
The Run-Time 
Mode allows individual 
EPROM locations to be programmed 
at run-time un- 
der complete 
software 
control. 


In the Programming 
mode, some I/O pins have been 


renamed. 
These 
new pin functions 
are used to de- 
termine the programming 
function that is performed, 
provide 
programming 
ALEs, provide 
slave 
10 num- 
bers and pass error information. 
Figure 
16 shows 


how the pins are renamed. Figure 17 describes each 
new pin function. 


While 
in Programming 
mode, 
PMODE 
selects 
the 
programming 
function 
that is performed 
(see Figure 
18). When not in the Programming 
mode, Run-Time 
programming 
can be done at any time. 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


ODH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


To guarantee 
proper execution, 
the pins of PMODE 
and SID must be in their desired 
state before the 
RESET pin is allowed to rise and reset the part. Once 
the part is reset, it is in the selected mode and should 
not be switched to another mode without a new reset 
sequence. 


When 
EA selects the Programming 
mode, the chip 
reset sequence loads the CCR from the Programming 
Chip Configuration 
Syte (PCCS). This is a separate 
EPROM 
location 
that is not mapped 
under normal 
operation. 
PCCS 
is only important 
when program- 
ming in the Auto Programming 
mode. In this mode, 


the 879XBH that is being programmed 
gets the data 
to be programmed 
from external 
memory 
over the 
system 
bus. Therefore, 
PCCR must correctly 
corre- 
spond 
to the memory 
system 
in the programming 
setup, which is not necessarily 
the memory 
organi- 
zation of the application. 


The following 
sections 
describe 
879XSH 
program- 
ming in each programming 
mode. 


PROG 


PVER /SALE 


PDO/SPROG 


HSI.O 
HSI.1 
P2.0 
HSI.2 
HSI.3 
P2.5 


879XBH 


Name 
Function 


PMODE 
Programming 
Mode Select. Determines the EPROM programming 
algorithm that is 
performed. 
PMODE is sampled after a chip reset and should be static while the part 
is operating. 


SID 
Slave ID Number. Used to assign each slave a pin of Port 3 or 4 to use for passing 
programming 
verification 
acknowledgement. 
For example, if gang programming 
in 
the slave programming 
mode, the slave with SID = 0001 will use Port 3.1 to signal 
correct or incorrect program verification. 


PALE 
Programming ALE input. Accepted 
by an 879XBH that is in the slave programming 
mode. Used to indicate that Ports 3 and 4 contain a command/address. 


PROG 
Programming 
Pulse. Accepted 
by an 879XBH that is in the slave programming 
mode. 


Used to indicate that Ports 3 and 4 contain the data to be programmed. 
A falling 
edge on PROG signifies data valid and starts the programming 
cycle. A rising edge 
on PROG will halt programming 
in the slaves. 


PVER 
Program Verified. A signal output after a programming 
operation 
by parts in the slave 
programming 
mode. 


PD~ 
Programming 
Duration Overflowed. 
A signal output by parts in the slave 
programming 
mode. Used to signify that the PROG pulse applied for a programming 
operation was longer than allowed. 


SALE 
Slave ALE. Output signal from an 879XBH in the auto programming 
mode. A falling 
edge on SALE indicates that Ports 3 and 4 contain valid address/command 
information for slave 879XBHs that may be attached to the master. 


SPROG 
Slave Programming 
Pulse. Output from an 879XBH in the auto programming 
mode. A 
falling edge on SPROG indicates that Ports 3 and 4 contain valid data for 
programming 
into slave 879XBHs that may be attached to the master. 


PORTS 3 and4 
Address/Command/Data 
Bus. Used to pass commands, 
addresses 
and data to and 
from slave mode 879XBHs. Used by chips in the auto programming 
mode to pass 
command, addresses and data to slaves. Also used in the auto programming 
mode 
as a regular system bus to access external memory. 


AUTO PROGRAMMING 
MODE 


The Auto Programming 
Mode provides the ability to 
program 
the internal 
879XBH 
EPROM without 
hav- 
ing to use a special 
EPROM 
programmer. 
In this 
mode, the 879XBH 
simply 
programs 
itself with the 
data 
found 
at 
external 
locations 
4000H 
through 
5FFFH. All that is required is that some sort of exter- 
nal memory 
reside 
at these 
locations, 
that 
EA se- 
lects the programming 
mode and that Vpp is applied. 
Figure 19 shows a minimum configuration 
for using 
an 8K x 8 EPROM to program 
one 879XBH 
in the 
auto programming 
mode. 


The 879XBH first reads a word from external memo- 
ry, then 
the 
Intel intelligent 
Programming™ 
Algo- 
rithm (described 
later) is used to program the appro- 
priate EPROM location. 
Since the erased state of a 
byte is OFFH, the Auto Programming 
Mode will skip 
locations where the data to be programmed 
is OFFH. 
When all 8k has been programmed, 
the part outputs 
a 1 on Port 3.0 if it programmed 
correctly and a 0 if it 
failed. 


Gang Programming 
with the Auto Programming 
Mode 


An 879XBH in the Auto Programming 
Mode can also 
be 
used 
as 
a 
programmer 
for 
up 
to 
15 
other 
879XBHs 
that are configured 
in the Slave Program- 
ming Mode. To accomplish 
this, the 879XBH 
acting 


8796BH 
OR 
8797BH 


as the 
master 
outputs 
the 
slave 
command/data 
pairs on Ports 3 and 4 necessary 
to program 
slave 
parts with the 
same 
data 
it is programming 
itself 
with. Slave ALE (SALE) and Slave PROG (SPROG) 
signals are provided 
by the master to the slaves to 
demultiplex 
the commands 
from the data. Figure 20 
is a block diagram 
of a gang programming 
system 
using one 879XBH 
in the Auto Programming 
Mode. 
The Slave 
Programming 
Mode is described 
in the 
next section. 


The master 879XBH first reads a word from the ex- 
ternal 
memory 
controlled 
by ALE, RD and WR. It 
then drives Ports 3 and 4 with a Data Program com- 
mand using the appropriate 
address 
and alerts the 
slaves with a falling edge on SALE. Next, the data to 
be programmed 
is driven 
onto 
Ports 3 and 4 and 
slave 
programming 
begins 
with a falling 
edge 
on 
SPROG. At the same time, the master begins to pro- 
gram its own EPROM location with the data read in. 
Intel's intelligent 
Programming™ 
Algorithm 
is used, 
with 
Data 
Verify 
commands 
being 
given 
to 
the 
slaves after each programming 
pulse. 


When programming 
is complete, 
Ports 3 and 4 are 
driven with all 1s if all parts programmed 
correctly. 
Individual bits of Port 3 and 4 will be driven to 0 if the 
slave with that bit number as an SID did not program 
correctly. 
The 879XBH 
used as the master assigns 
itself an SID of O. 


NOTE: 
Ports 3 and 4 should 
have pullups to vcc 


Figure 19.The Auto Programming 
Mode 
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3 
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2 
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NOTE: 
EA and Vpp on slaves must be at + 12.5 Vdc. Each slave's 
PMODE must equal 05H. Ports 3 and 4 should 
have pull ups 
to Vcc. 


Any number of 879XBHs 
can be programmed 
by a 
master programmer 
through the Slave Programming 
Mode. 


The programming 
device uses Ports 3 and 4 of the 
parts being programmed 
as a command/data 
path. 
The slaves accept 
signals on PALE (Program ALE) 
and 
PROG 
(Program 
Enable) 
to 
demultiplex 
the 
commands 
and data. The slaves 
also use PVER, 
PD~ and Ports 3 and 4 to pass error information 
to 
the programmer. 
Support 
for gang programming 
of 
up to 16 879XBHs is provided. If each part is given a 
unique 
SID (Slave 
ID Number) 
an 879XBH 
in the 
auto programming 
mode can be used as a master to 
program 
itself and up to 15 other slave 879XBHs. 


There 
is, however, 
no 879XBH 
dependent 
limit to 
the number of parts that can be gang programmed 
in the slave mode. 


Slave Programming 
Commands 


The commands 
sent to the slaves are 16-bits wide 
and contain 
two fields. 
Bits 14 and 15 specify 
the 
action that the slaves are to perform. 
Bits 0 through 
13 specify the address 
upon which the action is to 
take place. Commands 
are sent via Ports 3 and 4 
and are available 
to cause the slaves to program 
a 
word, verify a word, or dump a word (Table 6). The 
address 
part of the command 
sent 
to the slaves 
ranges from 2000H to 3FFFH and refers to the inter- 
nal EPROM memory space. The following 
sections 
describe 
each slave programming 
mode command. 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 
0 
1 
Data Verify 
1 
0 
Data Program 
1 
1 
Reserved 


DATA PROGRAM 
COMMAND 
- 
After a Data Pro- 
gram Command 
has been sent to the slaves, PROG 
must be pulled low to cause the data on Ports 3 and 
4 to be programmed 
into the location 
specified 
dur- 
ing the command. 
The falling edge of PROG is not 
only used to indicate data valid, but also triggers the 
hardware 
programming 
of the word specified. 
The 
slaves 
will continue 
to program 
the 
location 
until 
PROG rises. 


After the rising edge of PROG, the slaves automati- 
cally perform 
a verification 
of the address 
just pro- 
grammed. 
The result of this verification 
is then out- 
put on PVER (Program 
Verify) and PD~ 
(Program 
Duration 
Overflowed). 
Therefore, 
verification 
infor- 
mation is available following 
the Data Program Com- 
mand for programming 
systems that cannot use the 
Data Verify command. 


If PVER and PD~ of all slaves are 1s after PROG 
rises then the data program 
was successful 
every- 
where. 
If PVER is a 0 in any slave, then the data 
E!Q9!ammed 
did not verify correctly 
in that part. If 
PD~ is a 0 in any slave, then the programming 
pulse 
in those parts was terminated 
by an internal 
safety 
feature 
rather than the rising edge of PROG. The 
safety 
feature 
prevents 
over-programming 
in the 
slave 
mode. 
Figure 
21 shows 
the 
relationship 
of 
PALE, PROG, 
PVER and PD~ 
to the Command/ 
Data Path on Ports 3 and 4 for the Data Program 
Command. 


DATA VERIFY COMMAND 
- 
When the Data Verify 
Command 
is sent, the slaves respond by driving one 
bit of Port 3 or 4 to indicate correct or incorrect verifi- 
cation of the previous 
Data Program. A 1 indicate~ 
correct verification, 
while a 0 indicates incorrect ven- 
fication. 
The SID (Slave 
10 Number) 
of each slave 
determines 
which bit of the command/data 
path is 
driven. 
PROG from the programmer 
governs 
when 
the slaves drive the bus. Figure 22 shows the rela- 
tionship 
of Ports 3 and 4 to PALE and PROG. 


This command 
is usually preceded 
by a Data Pro- 
gram Command 
in a programming 
system 
with as 
many as 16 slaves. 


WORD DUMP COMMAND - 
When the Word Dump 
Command is issued, the 879XBH being programmed 
adds 2000H 
to the address 
field of the command 
and places the value found at the new address 
on 
Ports 3 and 4. For example, 
sending the command 
#0100H 
to a slave will result in the slave placing the 
word 
found 
at location 
2100H 
on Ports 3 and 4. 
PROG 
from 
the 
programmer 
governs 
when 
the 
slave drives the bus. The signals are the same as 
shown 
in Figure 22. This command 
will work only 
when just one slave is attached 
to the bus. 


PALE ~,- 
I 


Gang Programming 
with the Slave Programming 
Mode 


Gang programming 
of 879XBHs 
can be done using 
the slave programming 
mode. There is no 879XBH 
based 
limit on the 
number 
of chips 
that 
may be 
hooked to the same Port 3/Port 4 data path for gang 
programming. 


If more than 16 chips are being gang programmed, 
the PVER and POD outputs 
of each chip could be 
used for verification. 
The master programmer 
could 
issue a data program 
command 
then either watch 
every chip's error signals, or AND all the signals to- 
gether to get a system PVER and POD. 


If 16 or fewer 879XBHs are to be gang programmed 
at once, a more flexible form of verification 
is avail- 
able. 
By giving 
each 
chip 
being 
programmed 
a 
unique SID, the master programmer 
could then issue 
a data verify command 
after the data program com- 


mand. 
When 
a verify 
command 
is seen 
by the 
slaves 
each will drive one pin of Port 3 or 4 with a 1 
if the programming 
verified 
correctly 
or a 0 if pro- 


gramming 
failed. The SID is u~e? by eac~ slave to 
determine 
which 
Port 
3, 4 bit It IS assigned. 
An 
879XBH in the auto programming 
mode could be the 
master programmer 
if 15 or fewer slaves need to be 
programmed 
(See Gang Programming 
with the Auto 
Programming 
Mode). 


PORTS 3,4 
-{ 
DATA VERIFY COtoltolAND»).-----« 
VERIFICATION BITS 
}- 


\... 
1 


AUTO CONFIGURATION 
BYTE PROGRAMMING 
MODE 


The CCB (location 
2018H) 
can be treated 
just like 
any other EPROM location, 
and programmed 
using 
any programming 
mode. 
But to provide 
for si~ple 
programming 
of the CCB when 
no other 
locations 
need 
to 
be 
programmed, 
the 
Auto 
Configuration 
Byte Programming 
Mode is provided. 
Programming 
in this mode also programs 
PCCB. Figure 23 shows 
a block 
diagram 
for 
using the 
Auto 
Configuration 
Byte Programming 
Mode. 


With PMODE = ODH and OFFH on Port 4, CCB and 
PCCB will be programmed 
to the value on Port 3 
when a logic 0 is placed on PALE. After programming 
is complete, 
PVER will be driven to a 1 if the b~es 
programmed 
correctly, 
and a 0 if the programming 
failed. 


+12.5 
Vdc 


VCC 
EA 
VPP 
PO.7 
PO.6 
PO.5 


PO•• 
879XBH 


PALE 


This method of programming 
is the only way to pro- 
gram 
PCCB. 
PCCB 
is a non-memory 
mapped 
EPROM 
location 
that gets loaded 
into CCR during 
the reset sequence 
when the voltage on EA puts the 
879XBH 
in Programming 
mode. If PCCB is not pro- 


grammed 
using 
the 
Auto 
Configuration 
Byte 
Pro- 
gramming 
Mode, every time the ~79XBH is put i~to 
Programming 
mode 
the 
CCR 
will 
be loaded 
with 
OFFH (the value of the erased PCCB location). 


However, 
if programming 
of the CCB and PCCB ~s 
done using this programming 
mode, the PCCB will 
take on the value programmed 
into CCB. This means 
that until the part is erased, 
programming 
activities 
that use the system 
bus will employ the bus width 
and controls selected 
by the user's CCB. 


NOTE: 
Tie Port 3 to the value desired to be programmed 
into CCS, and PCCS. 


Run-Time Programming of the 879XBH is provided to 
allow the user complete flexibility in the ways in which 
the internal EPROM is programmed. That flexibility in- 
cludes the ability to program just one byte or one word 
instead of the whole EPROM, and extends to the hard- 
ware necessary 
to program. The only additional re- 
quirement of a system is that a programming voltage 
is applied to Vpp. Run-Time Programming is done with 
EA at TTL-high 
(normal operation - 
internal/external 
access). 


To Run-Time program, the user writes a byte or word 
to the location to be programmed. 
Once this is done, 
the 879XBH 
will continue 
to program 
that location 
until 
another 
data 
read from 
or data write 
to the 
EPROM 
occurs. 
The user can therefore 
control the 
duration 
of the programming 
pulse to within a few 
microseconds. 
An intelligent 
programming 
algorithm 
could 
be implemented 
in software, 
or a one-shot 
pulse method could be used. If an intelligent algorithm 
is used, it is recommended 
that the intelligent 
Pro- 


gramming'· 
Algorithm 
be implemented. 
If one-shot 
programming 
is desired, a 50 msec pulse is required 
for guaranteed 
programming 
of a location. 


After the programming 
of a location has started, care 
must be taken to insure that no program fetches (or 
pre-fetches) 
occur from internal 
memory. 
This is of 


no concern if the program is executing from external 
memory. 
However, 
if the program 
is executing 
from 
internal memory when the write occurs, it will be nec- 
essary 
to use the built in "jump 
to self" located at 


201AH. 


"Jump 
to Self" 
is a two byte instruction 
in the Intel 


test ROM which can be CALLed 
after the user has 
started 
programming 
a location 
by writing 
to it. A 
software 
timer interrupt 
could then be used to es- 


cape from the "jump 
to self" 
when the proper pro- 


gramming 
pulse duration 
has elapsed. 
Figure 24 is 
an example 
of how to program an EPROM location 
while execution 
is entirely internal. 


Upon entering 
the PROGRAM 
routine, the address 


and data are retrieved 
from the STACK and a Soft- 
ware Timer is set to expire one programming 
pulse 
later. The data is then written 
to the EPROM loca- 
tion and a CALL to location 
201AH 
is made. Loca- 
tion 201 AH is in Intel reserved 
test ROM, and con- 


tains the two byte opcode 
for a "jump to self." 
The 
minimum interrupt service routine would remove the 
201AH return address from the STACK and return. 


PROGRAM: 


POP 
POP 
POP 
PUSH 


temp 
address_temp 
data_temp 
temp 


PUSHF 
LDB 
int_mask 
,#enable_swt_only 


LDB 
HSO_COMMAND 
,#SWTO_ovf 
ADD 
HSO_TIME,TIMER1,#program_pulse 


EI 
ST 
data_temp, 
[address_temp] 
CALL 
201AH 


POPF 
RET 


SWT_ISR: 


swtO_expired: 
POP 
0 
RET 


;save current 
status 


;enable only 
swt 
interrupts 


;load swt 
command 
to interrupt 
;when program 
pulse 
time 


;has elapsed 


The intelligent Programming™ 
Algorithm 


The 
879XBH 
intelligent 
Programming™ 
Algorithm 
rapidly programs the EPROMS of Intel 879XBHs us- 
ing an efficient 
and reliable method particularly 
suit- 
ed 
to 
the 
production 
programming 
environment. 


Typical programming 
times for individual devices are 
on the order of 30 seconds. 
Programming 
reliability 
is also ensured 
as the incremental 
program 
margin 
of each byte is continually 
monitored 
to determine 
when it has been successfully 
programmed. 


The intelligent 
Programming ,. Algorithm 
utilizes two 
different 
pulse 
types: 
initial 
and overprogram. 
Re- 
peated initial (250 state time) pulses are applied until 
the 
location 
being 
programmed 
verifies 
correct, 


where the number 
of pulses necessary 
is X. Then, 
one overprogram 
pulse is applied with a duration that 
is 3X as long as one initial pulse. Up to 25 initial pulses 
per location 
are provided 
before 
the overprogram 
pulse is applied. 
If more than 25 pulses are required, 


programming 
has failed. 


The entire sequence 
of program pulses and verifica- 
tion is performed 
at Vcc = 6.0Vand 
Vpp = EA = 
12.SV. 


When the intelligent 
Programming™ 
cycle has been 
completed, 
all locations 
should be compared 
to the 
original data with Vcc = Vpp = EA = 5.0V. 


Initially, 
and 
after 
each 
erasure, 
all 
bits 
of 
the 
879XBH 
are in the "1" 
state. Data is introduced 
by 


selectively 
programming 
"Os" into the desired bit lo- 
cations. 
Although 
only 
"Os" 
will 
be programmed, 
both "1s" 
and "Os" can be present in the data word. 
The only way to change a "0" to a "1" is by ultravio- 
let light erasure. 


The erasure characteristics 
of the 879XBH are such 
that erasure begins to occur upon exposure 
to light 
with wavelengths 
shorter 
than approximately 
4000 
Angstroms 
(A). It should be noted that sunlight and 
certain types of fluorescent 
lamps have wavelengths 
in the 3000-4000 
A range. Constant 
exposure 
to 
room level fluorescent 
lighting could erase the typi- 
cal 879XBH 
in approximately 
3 years, while it would 
take approximately 
1 week to cause erasure when 
exposed 
to direct sunlight. 
If the 879XBH 
is to be 
exposed to these types of lighting conditions 
for ex- 
tended 
periods 
of time, 
opaque 
labels 
should 
be 
placed over the EPROM's 
window 
to prevent 
unin- 
tentional 
erasure. 


The 
recommended 
erasure 
procedure 
for 
the 
879XBH 
is exposure 
to shortwave 
ultraviolet 
light 
which has a wavelength 
of 2537 A. The integrated 
dose (i.e., UV intensity x exposure time) for erasure 
should be a minimum of 15 Wsec/ cm2. The erasure 
time with this dosage is approximately 
15 to 20 min- 
utes using an ultraviolet 
lamp with a 12000 IJ-W/cm2 
power rating. The 879XBH should be placed within 1 
inch of the lamp tubes during erasure. The maximum 
integrated 
dose an 879XBH can be exposed to with- 
out damage 
is 7258 Wsec/cm2 
(1 week 
@ 12000 
IJ-W/cm2). Exposure of the 879XBH to high intensity 
UV light for long periods may cause permanent 
dam- 
age. 


Test Conditions: 
Load Capacitance 
= 150 pF, Ta = O·C to 70·C, VCC = VPD = VREF = 6.0V ± 
.5V, Vpp = 


12.5V ± 
.5V, EA = 11V ± 2.0V, fosc = 6.0 to 12.0 MHz 


Symbol 
Parameter 
Min 
Max 
Units 


TAVLL 
ADDRESS/COMMAND 
Valid to PALE Low 
0 
Tose 


TLLAX 
ADDRESS/COMMAND 
Hold After PALE Low 
80 
Tosc 


TDVPL 
Output Data Setup Before PROG Low 
0 
Tosc 


TpLDX 
Data Hold After PROG Falling 
80 
Tosc 


TLLLH 
PALE Pulse Width 
180 
Tosc 


TpLPH 
PROG Pulse Width 
250 Tosc 
100 ms 


TLHPL 
PALE High to PROG Low 
250 
Tosc 


TpHLL 
PROG High to Next PALE Low 
600 
Tosc 


TpHDX 
Data Hold After PROG High 
100 
Tosc 


TpHVV 
PROG High to PVER/PDO 
Valid 
500 
Tosc 


TLLVH 
PALE Low to PVER/PDO 
High 
100 
Tosc 


TpLDV 
PROG Low to VERIFICATION/DUMP 
Data Valid 
100 
Tosc 


TSHLL 
RESET High to First PALE Low (not shown) 
2000 
Tosc 


NOTE: 
Run-time programmingis done with Vcc = VPD = VREF= 5V and VPP = 12.5V.One 50 msec programmingpulse in run- 
time mode is guaranteed to program a location. 


Symbol 


Ipp 


Parameter 


Vpp Supply Current (Whenever 
Programming) 


NOTE: 
Vcc must be at least 4.5V before VPPrises above 5V. VPPmust not have a low impedance path to Vss while Vcc > 4.5V. 
The AID Converter accuracy is not guaranteed when VREFis above 5.5V. 


PORTS 
3,4 


PALE 


TpHVV 


VALID 


The 8X9XBH 
is fully supported 
with Intel develop- 
ment systems and tools which will include a EPROM 
programmer 
by early 1986. 


These 8X9X development 
tools run on Intel's 
Intel- 
lec® Series III, or IV, and on machines 
running PC 
DOS version 
3.0 or higher such as the IBM PC/XT 
and PC/AT. 


Program generation 
may be done at assembly 
level 
with ASM-96 or in high level with PLlM-96. 


Emulation 
may be done on the Single Board Emula- 
tion iSBE-96 or the more powerful VLSiCETM-96P In- 
Circuit Emulator. 


The iSBE-96 
provides 
software 
emulation 
and de- 
bug. It features: 


8 software 
br,eakpoints 
12 MHz emulation 
speed 
Configurable 
serial I/O 
Single Line Assembly/Disassembly 


It supports 
all three package 
types (48 pin dip, 68 
pin PGA. 68 pin PLCC via two 50 pin ribbon cables 
and adaptor 
boards). 


VLSiCETM-96P IN-CIRCUIT 
EMULATOR 


The more powerful VLSiCE-96 is an in-circuit emula- 
tor with Intel's bond-out featuring: 


• 
Precise realtime emulation 


• 
64K of mappable 
ICE memory 


• 
Symbolic 
Deugging 


• 
4K trace buffer 


• 
Dynamic 
Trace 
display 
without 
stopping 
emula- 
tion. 


• 
Break/Trace 
on Internal RAM accesses. 


• 
Shadow Register Support R/W of many SFR's. 


• 
Single Line Assembler/Disassembler. 


User pin timings 
and loadings 
are identical 
to the 
8X9XBH component 
except as noted in Table 7. In 
addition, the RESET and CLKOUT pins have an ad- 
ditionalloading 
of 1 IJ-Aand 10 pF. The NMI pin and 
READY pin are not supported. 


Min 
Max 
Units 


Clock Frequency 
6 
10 
MHz 


Vcc 
4.75 
5.25 
V 


Icc1 
400 
mA 


MECHANICAL 
CONSIDERATIONS 


VLSICETM-96P 
comes 
complete 
with target 
adap- 
tors which plug directly into standard 48 pin DIP and 
68 pin PGA sockets. 


The user plug is at the end of a two foot 
flexible 
cable. Adequate 
spacing 
must be provided 
on the 
target 
system 
to 
allow 
the 
emulation 
processor 
board and user plug to be inserted 
into the target 
system. 


Figure 25 shows the physical dimensions 
and orien- 
tation of pin 1 for both the 68 pin PGA and 48 pin 
DIP versions 
of the user plug, 
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Figure 25. VLSiCETM·96P User Plug Dimensions 


All combinations 
of the above hosting may be linked together 
with Intel's NDS II and Open Net. 


More detailed 
information 
can be obtained 
by ordering the following: 


Order Numbers 
Software Development 
Packages 
Single Board Emulator 
In-Circuit Emulator 
Microcomputer 
Development 
System 


MCSI!>-96 
iSBE-96 
VLSiCETM -96 
Intellecl!> Series IV 


230613-003 
231015-003 
280140-001 
230625-003 


809X-90, 839X-90 
Express 


• 
Extended 
Temperature 
Range 
(- 40'C to + 8S'C) 


The Inter EXPRESS system offers enhancements 
to the operational 
specifications 
of the MCS~-96 
family of 


microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the needs of those 
applications 
whose 
operating 
requirements 
exceed commercial 
standards. 


The EXPRESS program includes the commercial 
standard 
temperature 
range with burn-in, and an extended 
temperature 
range with or without burn-in. 


With the commercial 
standard temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 


ature 
range of O·C to 70·C. With the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40·C to + 85·C. 


The optional burn-in is dynamic, for a minimum time of 160 hours at 125·C with Vcc = 5.5V ±0.5V, 
following 
guidelines 
in MIL-STD-883, 
Method 1015. 


Package types and EXPRESS versions 
are identified 
by a one- or two-letter 
prefix to the part number. The 
prefixes are listed in Table 1. 


This data sheet specifies the parameters 
for the extended temperature 
range option. The commercial 
temper- 
ature range data sheets are applicable 
otherwise. 


POWER 
fREQUENCY 
VREf 
ANGND 
DOWN 
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ROt.4 
I 
GEN 
8 
(8396): 
I 
I 
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I 
232 
BYTE 
REGISTER 
fiLE 


HIGH 
SPEED 
I/O 


PORT 3 


] 


ADDR 
DATA 
BUS 


PORT 04 


ELECTRICAL 
CHARACTERISTICS 
ABSOLUTE 
MAXIMUM 
RATINGS* 


Ambient Temperature 
Under Bias. -40·C 
to + 85·C 


Storage Temperature 
-40·C 
to + 150·C 


Voltage from Any Pin to 
VSS or ANGND 
- 0.3V to + 7.0V 


Average Output Current from Any Pin 
10 mA 


Power Dissipation 
1.5W 


•Notice: 
Stresses 
above 
those listed under 
"Abso- 
lute Maximum Ratings" 
may cause permanent 
dam- 
age to the device. 
This is a stress rating only and 
functional 
operation 
of the device 
at these or any 
other conditions 
above those indicated in the opera- 
tional sections of this specification 
is not implied. Ex- 
posure 
to absolute 
maximum 
rating 
conditions 
for 
extended periods 
may affect device reliability. 


NOTICE 
Specifications 
contained 
within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 
Units 


TA 
Ambient Temperature Under Bias 
-40 
+85 
·C 


Vee 
Digital Supply Voltage 
4.5 
5.5 
V 


VREF 
Analog Supply Voltage 
4.5 
5.5 
V 


fose 
Oscillator Frequency 
6.0 
12 
MHz 


VpD 
Power-Down Supply Voltage 
4.5 
5.5 
V 


NOTE: 
Vss should be connected to ANGND through a 0.01 fLF capacitor. ANGND and Vss should be nominally at the same 
potential. 


Symbol 
Parameter 
Min 
Max 
Units 
Test Conditions 


V,L 
Input Low Voltage (Except RESED 
-0.3 
+0.8 
V 


V,L1 
Input Low Voltage, RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage (Except RESET, NMI, XTAL1) 
2.0 
Vee + 0.5 
V 


VIH1 
Input High Voltage, NMI, XTAL1, RESET 
2.4 
Vee + 0.5 
V 


VOL 
Output Low Voltage 
0.5 
V 
(Note 1) 


VOH 
Output High Voltage 
2.4 
V 
(Note 2) 


Ice 
Vee Supply Current 
200 
mA 
All Outputs 
Disconnected 


Ipo 
Vpo Supply Current 
1 
mA 
Normal Operation 
and Power-Down 


IREF 
VREFSupply Current 
10 
mA 


III 
Input Leakage Current to All Pins of HSI, PO,P3, 
±10 
fLA 
Vin = OtoVee 
P4, and to P2.1 


IIH 
Input High Current to EA 
100 
IJ-A 
VIH = 2.4V 


IlL 
Input Low Current to All Pins of P1, and to P2.6, 
-100 
IJ-A 
VIL = 0.45V 
P2.7 


1'L1 
Input Low Current to RESET 
-2 
mA 
V,L = 0.45V 


IIL2 
Input Low Current P2.2, P2.3, P2.4, READY 
-50 
IJ-A 
VIL = 0.45V 


Cs 
Pin Capacitance (Any Pin to VSS) 
10 
pF 
fTEST = 1 MHz 


NOTES: 
1. 'OL = 0.4 mA for all pins of P1, for P2.6 and P2.7, and for all pins of P3 and P4 when used as ports. IOL = 2.0 mA for 
TXD, RSD (in serial port mode 0), PWM, CLKOUT, ALE, SHE, RD, WR, and all pins of HSO and P3 and P4 when used as 
external memory bus (ADO-AD15). 
2. IOH = 
-20 ~f~1I 
pins of P1, for P2.6 and P2.7. IOH = -200 
fLA for TXD, RXD (in serial port mode 0), PWM, 
CLKOUT,ALE, SHE, WR, and all pins of HSO and P3 and P4 when used as external memory bus (ADO-AD15). P3 and P4, 
when used as ports, have open·drain outputs. 


Resolution 
....•.......•........... 
±0.001 
VREF 


Accuracy 
± 0.004 VREF 


Differential 
nonlinearity 
±0.002 
VREF max 


Integral nonlinearity 
± 0.004 VREF max 


AID 
Converter 
operation 
is verified 
only 
on 
the 
8097, 8397, 8095, 8395. 


The absolute 
conversion 
accuracy 
is dependent 
on 
the accuracy 
of VREF. The specifications 
given be- 
low assume adherence 
to the Operating 
Conditions 
section 
of these 
data 
sheets. 
Testing 
is done 
at 
VREF = 5.120V. 


A.C. CHARACTERISTICS 
Vcc, VPD = 4.5Vto 5.5V, TA = - 40°C to + 85°C; fosc = 6.0 MHzto 12.0 MHz 
Test Conditions: 
Load capacitance 
on output pins = 80 pF 
Oscillator 
Frequency 
= 12.00 MHz 


Symbol 
Parameter 
Min 
Max 
Units 


TCLYX 
READY Hold after CLKOUT Falling Edge 
o (Note 1) 
ns 


TLLYV 
End of ALE to READY Setup 
- Tosc 
2Tosc - 60 
ns 


TLLYH 
End of ALE to READY High 
2Tosc + 60 
4Tosc - 60 (Note 2) 
ns 


TYLYH 
Non-Ready Time 
1000 
ns 


TAVDV 
Address Valid to Input Data Valid 
5Tosc - 90 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc - 60 
ns 


TRXDX 
Data Hold after RD Inactive (Note 3) 
0 
ns 


TRXDZ 
RD Inactive to Input Data Float (Note 3) 
Tosc - 20 
ns 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator Frequency 
6.00 
12.00 
MHz 


Tosc 
Oscillator Period 
83 
166 
ns 


TCHCH 
CLKOUT Period (Note 3) 
3Tosc (Note 4) 
3Tosc (Note 4) 
ns 


TCHCL 
CLKOUT High Time 
Tosc - 20 
Tosc + 20 
ns 


TCLLH 
CLKOUT Low to ALE High 
-10 
30 
ns 


TLLCH 
ALE Low to CLKOUT High 
Tosc - 20 
Tosc + 40 
ns 


TLHLL 
ALE Pulse Width 
Tosc - 
25 
Tosc + 20 
ns 


TAVLL 
Address Setup to End of ALE 
Tosc - 
50 
ns 


TLLRL 
End of ALE to RD or WR Active 
Tosc - 20 
. 
ns 


TLLAX 
Address Hold after End of ALE 
Tosc - 
20 
. 
ns 


TWLWH 
WR Pulse Width 
2Tosc - 
35 
. 
ns 


TQVWX 
Output Data Setup to End of WR 
2Tosc - 60 
. 
ns 


TWXQX 
Output Data Hold after End of WR 
Tosc - 25 
- 
ns 
. 


TWXLH 
End of WR to Next ALE 
, 
2Tosc - 
30 
ns 


TRLRH 
RD Pulse Width 
3Tosc - 30 
ns 


TRHLH 
End of RD to Next ALE 
Tosc - 30 
ns 


NOTES: 
1. If the 48-pin part is being used then this timing can be generated by assumingthat the CLKOUTfalling edge has occurred 
at 2Tosc + 60 (TLLCff(max) + TCHCL(max))after the falling edge of ALE. 
2. If more than one wait state is desired, add 3Tosc for each additional wait state. 
3. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 
4. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL 1 are less than 10 ns. 


Prefix 
Package Type 
Temperature 
Range 
Burn-In 


A 
Ceramic PGA-68L 
Commercial 
No 


N 
PLCC-68L 
Commercial 
No 


C 
Ceramic DIP-48L 
Commercial 
No 


TA 
Ceramic PGA-68L 
Extended 
No 


TN 
PLCC-68L 
Extended 
No 


TC 
Ceramic DIP-48L 
Extended 
No 


QA 
Ceramic PGA-68L 
Commercial 
Yes 


QN 
PLCC-68L 
Commercial 
Yes 


QC 
Ceramic DIP-48L 
Commercial 
Yes 


LA 
Ceramic PGA-68L 
Extended 
Yes 


LN 
PLCC-68L 
Extended 
Yes 


LC 
Ceramic DIP-48L 
Extended 
Yes 


EXAMPLES: 
A8097-90 
indicates 
an 8097-90 
in a ceramic 
pin grid array package 
specified 
for commercial 
temperature 
without 
burn-in. 


LC8095·90 
indicates 
an 8095-90 
in a ceramic 
DIP package 
specified 
for extended 
temperature 
range with burn-in. 
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High speed digital signals are frequently encountered 
in modern control 
applications. 
In addition, 
there is 
often a requirement 
for high speed 16-bit and 32-bit 
precision 
in calculations. 
The MCS-96 
product 
line. 


generically 
referred to as the 8096, is designed to be 
used in applications 
which 
require 
high speed cal- 


culations 
and fast 1/0 operations. 


The 8096 is a 16-bit microcontroller 
with dedicated 
1/0 subsystems 
and a complete 
set of 16-bit arith- 


metic instructions 
including 
multiply 
and divide op- 


erations. 
This Ap-note 
will briefly describe 
the 8096 
in section 2, and then give short examples of how to 
use each of its key features 
in section 3. The con- 
cluding sections feature a few examples which make 
use of several chip features simultaneously 
and some 
hardware 
connection 
suggestions. 
Further 
informa- 
tion on the 8096 and its use is available 
from the 
sources listed in the bibliography. 


I 
I 
II 
IL 
_ 


2.0 8096 OVERVIEW 


2.1. GENERAL 
DESCRIPTION 


Unlike microprocessors. 
microcontrollers 
are gener- 


ally optimized 
for specific 
applications. 
Intel's 8048 


was optimized 
for general 
control 
tasks 
while 
the 


8051 was optimized for 8-bit math and single bit boo- 
lean operations. The 8096 has been designed for high 
speedlhigh 
performance 
control 
applications. 
Be- 


cause it has been designed for these applications 
the 


8096 architecture 
is different from that of the 8048 or 


8051. 


There are two major sections 
of the 8096: the CPU 


section and the 1/0 section. 
Each of these sections 


can be subdivided 
into functional 
blocks as shown in 


Figure 2-1. 


Ei 


ALE 


"HE 
iiii 
WA 


"EADY 


RESET 


2.1.1. CPU section 
The CPU of the 8096 uses a 16-bit ALU which op- 
erates on a 256-byte 
register file instead of an ac- 
cumulator. Any of the locations in the register file can 
be used for sources 
or destinations 
for most of the 
instructions. 
This is called a register to register 
ar- 
chitecture. 
Many 
of the 
instructions 
can also 
use 
bytes or words from anywhere 
in the 64K byte ad- 
dress space as operands. 
A memory 
map is shown 
in Figure 2-2. 


EXTERNAL 
MEMORY 


OR 


1/0 


INTERNAL 
PROGRAM 


STORAGE 
ROM 


FACTORY 
TEST CODE 


8 
INTERRUPT 
. 


VECTORS 
a 


PORT 4 


PORT 3 


EXTERNAL 
MEMORY 
OR 
10 


INTERNAL 
RAM 
REGISTER 
FILE 


STACK 
POINTER 
SPECIAL 
FUNCTION 
REGISTERS 


(WHEN 
ACCESSED 
AS 
DATA MEMORY) 


In the 
lower 
24 bytes 
of the 
register 
file are the 
register-mapped 
I/O control 
locations, 
also 
called 
Special Function Registers or SFRs. These registers 
are used to control the on-chip 
I/O features. The re- 
maining 
232 bytes are general 
purpose 
RAM, the 
upper 16 of which can be kept alive using a low cur- 
rent power-down 
mode. 


EXTERNAL 
MEMORY 
RESERVED 


FOR USE BY INTEL 
DEVELOPMENT 


SYSTEMS 
(WHEN 
ACCESSED 
AS 
PROGRAM 


MEMORY) 


Figure 2-3 shows the layout of the register mapped 
I/O. Some of these registers serve two functions. one 
if they are read from and another if they are written 


to. More information 
about the use of these registers 
is included 
in the description 
of the features 
which 
they control. 


OFFH 
255 


POWER-DOWN 
RAM 


OFOH 
240 
OEFH 
239 


INTERNAL 
h 
REGISTER 
FILE 


1AJ 


(RAM) 
I6 


STACK 
POINTER 


IOS1 


10SO 


RESERVED 


SI' 
STAT 


10 PORT 2 


10 PORT 
1 


10 PORT 0 


TIMER2 
(HI) 


TIMER2 
(LO) 


TIMER1 
(HI) 


TIMER1 
(LO) 


INT_PENDING 


INT_MASK 


SBUF 
(RX) 


HSI 
STATUS 


HSI_TIME 
(HI) 


HSI_TIME 
(LO) 


AD_RESULT 
(HI) 


AD_RESULT 
(LO) 


RO (HI) 


RO (LO) 


STACK 
POINTER 


PWM_CONTROL 


IOC1 


lOCO 


RESERVED 


SI' 
CON 


10 PORT 2 


10 PORT 
1 


BAUD 
RATE 


RESERVED 


WATCHDOG 


INT_PENDING 


INT_MASK 


SBUF 
(TX) 


HSO 
COMMAND 


HSO 
TIME (HI) 


HSO_T1ME 
(LO) 


HSLMODE 


AD_COMMAND 


RO (HI) 


RO (LO) 


2.1.2. I/O Features 
Many of the I/O features 
on the 8096 are designed 
to operate 
with little CPU intervention. 
A list of the 
major 
I/O functions 
is shown 
in Figure 
2-4. 
The 
Watchdog 
Timer 
is an internal 
timer which 
can be 
used to reset the system 
if the software 
fails to op- 
erate properly. 
The Pulse-Width-Modulation 
(PWM) 
output can be used as a rough D to A, a motor driver, 
or for many other purposes. 
The A to D converter 


(ADC) has 8 multiplexed 
inputs and 10-bit resolution. 


The serial port has several modes and its own baud 
rate generator. The High Speed I/O section includes 
a 16-bit timer, a 16-bit counter, 
a 4-input 
program- 
mable 
edge 
detector, 
4 software 
timers, 
and 
a 
6-output programmable 
event generator. All of these 


features will be described 
in section 2.3. 


2.2.1. Operations 
and addressing 
modes 
The 8096 has 100 instructions, 
some of which op- 
erate on bits, some on bytes, some on words and 
some on longs (double 
words). 
All of the standard 
logical and arithmetic functions are available for both 
byte and word operations. 
Bit operations 
and long 
operations 
are provided for some instructions. 
There 
are also flag manipulation 
instructions as well as jump 
and call instructions. 
A full set of conditional 
jumps 
has been included 
to speed 
up testing 
for various 
conditions. 


Bit operations are provided by the Jump Bit and Jump 
Not Bit instructions, 
as well as by immediate masking 
of bytes. These bit operations 
can be performed 
on 
any of the bytes in the register file or on any of the 
special function 
registers. 
The fast bit manipulation 
of the SFRs can provide rapid I/O operations. 


A symmetric 
set of byte and word operations 
make 
up the majority of the 8096 instruction 
set. The as- 
sembly language for the 8096 (ASM-96) 
uses a "B" 


suffix on a mnemonic 
to indicate 
a byte operation, 


without this suffix a word operation is indicated. Many 
of these operations 
can have one two or three op- 


erands. 
An example 
of a one operand 
instruction 
would be: 


A two operand instruction would have the form: 


ADD 
Value2,Value1; 
Value2 : = Value2 + Value1 


A three operand instruction might look like: 


MUL Value3,Value2,Value1; 


Value3 : = Value2 • Value1 


The three 
operand 
instructions 
combined 
with the 
register to register architecture 
almost eliminate 
the 
necessity 
of using temporary 
registers. 
This results 
in a faster processing 
time than machines that have 
equivalent instruction execution times, but use a stan- 
dard architecture. 


Long (32-bit) operations include shifts, normalize, and 
multiply 
and divide. The word divide 
is a 32-bit by 
16-bit operation 
with a 16-bit quotient 
and 16-bit re- 
mainder. The word multiply is a word by word multiply 
with a long result. Both of these operations 
can be 
done 
in either 
the signed 
or unsigned 
mode. The 
direct unsigned modes of these instructions 
take only 
6.5 microseconds. 
A normalize 
instruction and sticky 
bit flag have been included 
in the instruction 
set to 
provide 
hardware 
support 
for the software 
floating 
point package (FPAL-96). 


MAJOR I/O FUNCTIONS 


High Speed Input Unit 
Provides automatic 
recording of events 


High Speed Output Unit 
Provides automatic 
triggering 
of events and real-time interrupts 


Pulse Width Modulation 
Output to drive motors or analog circuits 


A to D converter 
Provides analog input 


Watchdog 
Timer 
Resets 8096 if a malfunction 
occurs 


Serial port 
Provides synchronous 
or asynchronous 
link 


Standard 
I/O Lines 
Provide interface to the external world when other special features 
are not needed 


Oper- 
Flags 


Mnemonic 
ands 
Operation (Note 1) 
Z 
N 
C 
V 
VT ST 
Notes 


ADD/ADDB 
2 
D <- D+A 
j 
j 
j 
j 
i - 


ADD/ADDB 
3 
D<-B+A 
j 
j 
j 
j 
i - 


ADDClADDCB 
2 
D <- D+A+C 
t 
j 
j · i - 


SUB/SUBB 
2 
D<-D-A 
j 
v 
v 
J i - 


SUB/SUBB 
3 
D<-B-A 
· 
v 
v · i - 


SUBClSUBCB 
2 
D<-D-A+C 
-I 
t 
v · · i - 


CMP/CMPB 
2 
D - 
A 
v 
J · 


v 
i - 


MUUMULU 
2 
D.D 
+ 2<-D*A 
- - 
- 
- 
- 
? 
2 


MUUMULU 
3 
D, D + 2<-B*A 
- - 
- 
- - 
? 
2 


MULB/MULUB 
2 
D. D + 
I<-D*A 
- 
- 
- 
- 
- 
? 
3 


MULB/MULUB 
3 
D. D + 
I <-B*A 
- 
- 
- 
- 
- 
? 
3 


D1Y/D1YU 
2 
D <- (D. D + 2)/A 
2 
D + 2 
remainder 
- - 
- · i -- 


D1YB/D1YUB 
2 
D <- (D. D + 
I)/A 
D+I 
remainder 
- 
- 
- · i - 
3 


AND/ANDB 
2 
D <- D and A 
· · 


0 
0 - - 


AND/ANDB 
3 
D <- B and A 
· 


v 
0 
0 - - 


OR/ORB 
2 
D<-DorA 
v · 


0 
0 - - 


XOR/XORB 
2 
D <- D (excl. or) A 
· , 
0 
0 
- 
- 


LD/LDB 
2 
D<-A 
- 
- 
- 
- - 
- 


STlSTB 
2 
A<-D 
, 
- - - - - - 


LDBSE 
2 
D <- A; D + 
I <- SIGN(A) 
- - 
- 
- 
- - 
3.4 


LDBZE 
2 
D <- A; D + 
1<-0 
- 
- 
- 
- - - 
3.4 


PUSH 
I 
SP <- SP - 
2; (SP) 
A 
- - - 
- 
- 
- 


POP 
I 
A <- (SP); SP <- SP + 2 
- - - - 
- 
- 


PUSHF 
0 
SP <- SP - 
2; (SP) <- PSW; 
0 
0 
0 
0 
0 
0 
PSW <- OOOOH 
1<-0 


POPF 
0 
PSW +- (SP); SP <- SP + 2; 
I +-- 
\ · · · · . 
v 


SJMP 
I 
PC <- PC + 
II-bit offset 
- 
- 
- 
- 
- - 
5 


UMP 
I 
PC <- PC + 
16-bit offset 
- 
- 
- 
- 
- - 
5 
BR( indirect) 
I 
PC <- (A) 
- - 
- 
- - - 


SCALL 
I 
SP <- SP - 
2; (SP) <- PC; 
- 
- 
- 
- - - 
5 
PC <- PC + 
II-bit offset 


LCALL 
I 
SP <- SP - 
2; (SP) <- PC; 
- 
- 
- 
- 
- - 
5 
PC <- PC + 
16-bit offset 


RET 
0 
PC <- (SP); SP <- SP + 2 
- 
- 
- 
- - - 


J(conditional) 
1 
PC <- PC + 8-bit offset 
- 
- 
- 
- - - 
5 


JC 
I 
Jump if C = I 
- 
- 
- 
- - - 
5 


JNC 
I 
Jump if C = 0 
- 
- 
- - - 
- 
5 


Note 
I 
If the mnemonic ends in "B". 
a byte operation is performed. otherwise a word operation is done. Operands D. B. and A must conform 
to the alignment rules for the required operand type. D and B are locations in the register file: A can be localed anywhere in memory. 
2. D. D + 2 are consecutive 
WORDS in memory: D is DOUBLE-WORD 
aligned. 
3. D. D + I are consecutive 
BYTES in memory: D is WORD aligned. 


4. Changes 
a byte to a word. 


5. Offset is a 2's complement 
number. 


JE 


JNE 


JGE 


JLT 


JGT 


JLE 


JH 


JNH 


]V 


JNY 


JYT 


JNYT 


JST 


JNST 


JBS 


JBC 


DJNZ 


DECiDECB 


NEG/NEGB 


INCdNCB 


EXT 


EXTB 


NOT/NOTB 


CLRlCLRB 


SHUSHLB/SHLL 


SHRlSHRB/SHRL 


SHRA/SHRAB/SHRAL 
SHC 


CLRC 


CLRYT 


RST 


DI 


EI 


NOP 


SKIP 


NORML 


TRAP 


Oper- 
ands 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 


I 


I 
I 


3 


3 
I 


Flags 


Z 
N 
C 
V 
VT ST 
Notes 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5.6 


5.6 


Note 
I. 
If the mnemonic 
ends in "8". 
a byte operation 
is performed. 
otherwise 
a word operation 
is done. Operands D. B and A mU!'ot conloml 
to the alignment 
rules for the required operand type. D and B are location~ in the register file: A can be located anywhere 
In memory 


5. Offset 
is a 2'5 complement 
number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" 
(Long) suffix indicates double-word 
operatIOn. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize 
all the necessary registers wIth code starting at 2080H 
9. The assembler 
will not accept this mnemonic. 


Operation (Note 1) 


Jump 
if Z = 
I 


Jump 
if Z = 0 


Jump 
if N = 0 


Jump 
if N = 
I 


Jump 
if N = 0 and Z = 0 


Jump 
if N = 
I or Z = 
I 


Jump 
if C = 
I and Z = 0 


Jump 
if C = 0 or Z = 
I 


Jump 
If V = 
I 


Jump 
if Y = 0 


Jump 
if VT 
= 
I: Clear 
VT 


Jump 
if YT 
= 0: Clear 
YT 


Jump 
if ST 
= 
I 


Jump 
if ST 
= 0 


Jump 
if Specified 
Bit 
= 
I 


Jump 
if Specified 
Bit 
= 0 


D <- 
D - 
I: if D '* 
0 then 
PC <- PC 
+ 
8-bit 
offset 


D<-D-I 


D<-O-D 


D<-D+I 


D <- D: D + 
2 <- Sign 
(0) 


D <- D: D 
+ 
I <- Sign 
(0) 


D <- Logical 
Not 
(0) 


D <- 0 


C <- msb - 
- 
- 
- 
- 
Isb <- 0 
o -> msb 
- 
- 
- 
- 
- 
Isb -> C 


msb 
-> msb - 
- 
- 
- 
- 
Isb -> C 


C<-I 


C<-O 


YT 
<- 0 


PC <- 2080H 


Disable 
All 
Interrupts 
(I <- 0) 


Enable 
All 
Interrupts 
(I <- 
I) 


PC <-PC 
+ 
I 


PC <-PC 
+ 
2 


Normalize 


SP <- 
SP 
- 
2: (SP) 
<- 
PC 
PC <- (2010H) 


----0- 
----0- 


i - 
i - 
i - 


0-- 
0-- 
0-- 
0-- 


o - 
0-, 
--1--- 
--0--- 
----0- 


000 
0 
0 
0 


One operand of most of the instructions 
can be used 
with anyone 
of six addressing 
modes. These modes 
increase the flexibility and overall execution speed of 
the 8096. The addressing 
modes are: register-direct, 
immediate, 
indirect, indirect with auto-increment, 
and 
long and short indexed. 


The fastest instruction 
execution 
is gained by using 
either 
register 
direct 
or immediate 
addressing. 
Register-direct 
addressing 
is similar to normal direct 
addressing, except that only addresses in the register 
file or SFRs can be addressed. 
The indexed mode is 
used to directly 
address 
the remainder 
of the 64K 
address space. Immediate 
addressing 
operates as it 
would be expected, 
using the data following 
the op- 
code as the operand. 


Both of the indirect addressing 
modes use the value 
in a word register as the address of the operand. 
If 
the indirect 
auto-increment 
mode is used then the 
word register is incremented 
by one after a byte ac- 
cess or by two after a word access. 
This mode is 
particularly 
useful for accessing 
lookup tables. 


Access 
to any of the locations 
in the 64K address 
space can be obtained 
by using the long indexed 


addressing 
mode. In this mode a 16-bit 2's comple- 
ment value is added to the contents of a word register 
to form the address 0ithe 
operand. By using the zero 
register 
as the inde 
ASM96 
(the assembler) 
can 
accept "direct" 
addre 
sing to any location. The zero 
register is located at O~OOH and always has a value 
of zero. A short indexed 
mode is also available 
to 
save some time and code...,This mode uses an 8-bit 
2's complement 
number 
as the offset 
instead 
of a 
16-bit number. 


2.2.2. Assembly 
language 
The multiple addressing 
modes of the 8096 make it 
easy to program 
in assembly 
language 
and provide 
an excellent 
interface 
to high level languages. 
The 
instructions 
accepted 
by the assembler 
consist 
of 
mnemonics 
followed 
by either addresses 
or data. A 
Ust of the mnemonics 
and their functions 
are shown 
in Figure 2-5. The addresses 
or data are given in 
different formats depending 
on the addressing 
mode. 


These modes and formats 
are shown in Figure 2-6. 


Additional information on 8096 assembly language is 
available 
in the 
MCS-96 
Macro 
Assembler 
Users 
Guide, listed in the bibliography. 


Mnem 
Dest or Src1 
Mnem 
Dest, Src1 
Mnem 
Dest, Src1. Src2 


Mnem 
#Src1 
Mnem 
Dest, #Src1 
Mnem 
Dest, Src1, #Src2 


Mnem 
[addr] 
Mnem 
[addr] + 
Mnem 
Dest, [addr] 
Mnem 
Dest, [addr] + 
Mnem 
Dest, Src1, [addr] 
Mnem 
Dest, Src1, [addr] + 


Mnem 
Dest, offs [addr] 
Mnem 
Dest, Src1, offs [addr] 


Where: "Mnem" 
is the instruction 
mnemonic 


"Dest" 
is the destination 
register 


"Src1", 
"Src2" 
are the source registers 
"addr" 
is a register containing 
a value to be used in computing 
the address of an operand 
"offs" 
is an offset used in computing 
the address of an operand 


One operand direct 
Two operand direct 
Three operand direct 


One operand immediate 
Two operand immediate 
Three operand immediate 


One operand indirect 
One operand indirect auto-increment 
Two operand indirect 
Two operand indirect auto-increment 
Three operand indirect 
Three operand indirect auto-increment 


Two operand indexed (short or long) 
Three operand indexed (short or long) 


.---- 
IOC1.l 


EXTlNT 
~~--------EXTINT 
ACH.7 
~ 


TI FLAG 
-~----------- 
SERIAL 
PORT 


RI FLAG ----J 


.---- 
HSO_COMMAND.4 
~,,-------- 


SOFTWARE 
TIMER 
0 ~ 
SOFTWARE 
TIMER 
1 


SOFTWARE 
TIMER 
2 


SOFTWARE 
TIMER 
3 


RESET 
TIMER 
2' 


START 
AID CONVERSION' 


.---- 
HSCl..I:OMMAND.4 


ANY HSO OPERATION 
~ 
~,,-------- 
HIGH SPEED 
OUTPUTS 


.----IOC1.7 
FIFOISFULL~ 


HOLDING 
REGISTER 
LOADED -----<l 
HSI DATA AVAILABLE 


r---IOC1.2 


TIMERl 
OVERFLOW 
__ 
~~------- 
TIMER 
OVERFLOW 


TIMER2 
OVERFLOW 
__ 
')0----- 
I 
'Only 
when 
Inltleted 
by the HSO unl!. 
L 
IOCl.3 


2.2.3. Interrupts 
The flexibility 
of the instruction 
set is carried through 
into the interrupt 
system. 
There are 20 different 
in- 
terrupt sources 
that can be used on the 8096. The 
20 sources 
vector 
through 
8 locations 
or interrupt 
vectors. 
The 
vector 
names 
and their 
sources 
are 
shown in Figure 2-7, with their locations listed in Fig- 
ure 2-8. Control of the interrupts 
is handled through 
the Interrupt Pending Register (INT _PENDING), 
the 
Interrupt Mask Register (INT _MASK),and 
the I bit in 
the PSW (PSW.9). Figure 2-9 shows a block diagram 
of the interrupt structure. The INT_PENDING 
register 
contains 
bits which 
get set by hardware 
when 
an 
interrupt occurs. 
If the interrupt 
mask register bit for 
that source 
is a 1 and PSW,9 = 1, a vector will be 
taken 
to the address 
listed 
in the interrupt 
vector 
table for that source. 
When the vector is taken the 


Source 
Vector 
Location 
Priority 


(High 
(Low 
Byte) 
Byte) 


Software 
201lH 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200cH 
6 
Software Timers 
200BH 
200AH 
5 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
I 
Complete 
Timer Overflow 
200IH 
2000H 
o (Lowest) 


INT_PENDING 
bit is cleared. If more than one bit is 
set in the 
INT_PENDING 
register 
with the corre- 
sponding 
bit set in the INT_MASK 
register, the in- 
terrupt with the highest priority shown in Figure 2-8 
will be executed. 


The software can make the hardware interrupts work 
in almost any fashion desired by having each routine 
run with its own setup in the INT_MASK 
register. This 
will be clearly seen in the examples in section 4 which 
change 
the priority 
of the vectors 
in software. 
The 


SERIAL 
PORT 


6 


SOFTWARE 


TIMERS 
TIMER 


OVERFLOW 


o 


WHERE: 


Z IS THE ZERO 
FLAG. 
IT IS SET WHEN 
THE RESULT 
OF AN OPERATION 
IS ZERO. 


PSW (shown in Figure 2-10), stores the INT_MASK 
register in its lower byte so that the mask register can 
be pushed and popped along with the machine status 
when moving 
in and out of routines. 
The action of 
pushing flags clears the PSW which includes PSW.9, 
the interrupt 
enable 
bit. Therefore, 
after a PUSHF 
instruction 
interrupts 
are disabled. 
In most cases an 
interrupt service routine will have the basic structure 
shown below. 


PUSHF 
LOB 
INT_MASK, 
#xxxxxxxxB 
EI 


POPF 
RET 


The PUSHF instruction 
saves the PSW including the 
old INT_MASK 
register. The PSW, including the in- 
terrupt enable bit are left cleared. 
If some interrupts 
need to be enabled 
while the service 
routine runs, 


the INT_MASK 
is loaded with a new value and in- 
terrupts are globally enabled before the service rou- 
tine continues. 
At the end of the service 
routine 
a 


POPF instruction is executed to restore the old PSw. 
The RET instruction is executed and the code returns 
to the desired location. Although the POPF instruction_ 
can enable the interrupts 
the next instruction 
will ai- 
ways execute. This prevents unnecessary 
building of 
the stack by ensuring that the RET always executes 
before another interrupt vector is taken. 


All of the on-chip 
I/O features 
of the 8096 can be 
accessed 
through 
the special function 
registers, 
as 
shown in Figure 2-3. The advantage of using register- 
mapped 
I/O is that these registers 
can be used as 
the sources or destinations 
of CPU operations. There 
are seven major I/O functions. 
Each one of these will 
be considered 
with a section of code to exemplify 
its 
usage. 
The first section 
covered 
will be the 
High 
Speed I/O, (HSIO), subsystem. 
This section includes 
the High Speed Input (HSI) unit, High Speed Output 
(HSO) unit, and the Timer/Counter 
section. 


2.3.1. Timer/Counters 
The 8096 has two time bases, Timer1 and Timer2. 
Timer1 is a 16-bit free running timer which is incre- 
mented every 8 state times. (A state time is 3 oscil- 
lator periods, or 0.25 microseconds 
with a 12 MHz 


HSI.O 


HSI.1 


HSI.2 


HSI.3 
LHITOLO 
I 
....•r 
LO TO HI 


~ 
HI OR LO 


2.0 "S 
CLOCK 


TRIGGERED 


CHANGE 
INPUT(S) 


DETECTOR 
'6 


20 
I, 
FIFO 
CURRENT 


STATUS 


• 
PULSE MEASUREMENT 
WITH 2.0 "SEC 
RESOLUTION 
• 
INPUT TRANSITIONS TRIGGER THE RECORDING OF THE REFERENCE 
TIMER (l6-BIT) 
AND TRIGGERED INPUT(S) (4-BfT) 


crystal.) 
Its value can be read at any time and used 
as a reference for both the HSI section and the HSO 
section. Timer1 can cause an interrupt when it over- 
flows, and cannot be modified or stopped without re- 
setting 
the 
entire 
chip. 
Timer2 
is really 
an event 
counter since it uses an external clock source. 
Like 
Timer1, 
it is 16-bits wide, can be read at any time, 


can be used with the HSO section, and can generate 
an interrupt when it overflows. 
Control of Timer2 is 
limited to incrementing 
it and reseting it. Specific val- 
ues can not be written to it. 


Although the 8096 has only two timers, the timer flex- 
ibility is equal to a unit with many timers thanks to 
the HSIO unit. The HSI enables one to measure times 
of external 
events on up to four lines using Timer1 
as a time base. The HSO unit can schedule and ex- 
ecute internal 
events and up to six external 
events 
based on the values in either Timer1 or Timer2. The 
8096 also includes separate, dedicated timers for the 
baud rate generator 
and watchdog 
timer. 


2.3.2. HSI 
The HSI unit can be thought of as a message taker 
which records the line which had an event and the 


time at which the event occurred. Four types of events 
can trigger the HSI unit, as shown in the HSI block 
diagram 
in Figure 2-11. The HSI unit can measure 
pulse widths 
and record 
times 
of events 
with a 2 


HSI.O MODE 


HSI.1 MODE 


HSI.2 MODE 


HSl.3 MODE 


00 
8 POSITIVE 
TRANSITIONS 
01 
EACH 
POSITIVE 
TRANSITION 


10 
EACH 
NEGATIVE 
TRANSITION 


11 
EVERY 
TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


microsecond 
resolution. 
It can look for one of four 
events on each of four lines simultaneously, 
based 
on the information 
in the HSI Mode register, shown 
in Figure 2-12. The information 
is then stored in a 
seven level fifo for later retrieval. Whenever 
the fifo 
contains 
information, 
the earliest 
entry is placed in 
the holding register. When the holding register is read, 
the next valid piece of information 
is loaded into it. 


Interrupts 
can be generated 
by the HSI unit at the 
time the holding 
register 
is loaded or when the fifo 
has six of more entries. 


2.3.3. HSO 
Just as the HSI can be thought of as a message taker, 
the HSO can be thought of as a message sender. At 
times determined 
by the software, 
the HSO sends 


0-5 
HSO.O - 
HSO.5 


6 
HSO.O AND 
HSO.l 


7 
HSO.2 
AND HSO.3 


8-8 
SOFTWARE 
TIMERS 
E 
RESET TIMER 
2 


F 
START 
AID CONVERSION 


INTERRUPTINO 
INTERRUPT 


SET/CLEAR 


TIMER 
2/TIMER 
1 


HIGH SPEED 
OUTPUT 
CONTROLS 


6 PINS 
4 SOFTWARE 
TIMERS 


2 INTERRUPTS 
INITIATE 
AID CONVERSION 


RESET TIMER 
2 


messages 
to various devices to have them turn on, 
turn off, start 
processing, 
or reset. 
Since the pro- 
grammed 
times can be referenced 
to either Timer 1 
or Timer 2, the HSO makes the two timers look like 
many. For example, 
if several events have to occur 
at specific 
times, the HSO unit can schedule 
all of 
the events based on a single timer. The events that 
can be scheduled to occur and the format of the com- 
mand 
written 
to the 
HSO 
Command 
register 
are 
shown in Figure 2-13. 


The software timers listed in the figure are actually 4 
software flags in I/O Status Register 1 (IOS1). These 
flags can be set, and optionally 
cause an interrupt, 
at any time based on Timer 
1 or Timer 
2. In most 
cases these timers are used to trigger interrupt rou- 
tines which must occur at regular intervals. 
A multi- 
task process can easily be set up using the software 
timers. 


A CAM 
(Content 
Addressable 
Memory) 
file is the 
main component 
of the HSO. This file stores up to 
eight events which are pending to occur. Every state 
time one location 
of the CAM is compared 
the two 
timers. After 8 state times, (two microseconds 
with a 
12 MHZ clock), the entire CAM has been searched 
for time matches. 
If a match 
occurs 
the specified 
event will be triggered 
and that location of the CAM 
will be made available 
for another pending event. A 
block diagram 
of the HSO unit is shown 
in Figure 
2-14. 


2.3.4. Serial Port 
Controlling a device from a remote location is a simple 
task 
that 
frequently 
requires 
additional 
hardware 
with many processors. The 8096 has an on-chip serial 
port to reduce the total number of chips required in 
the system. The serial port is similar to that on the 
MCS-51 
product 
line. It has one synchronous 
and 


M2. Ml 
SPECIFIES THE MODE; 
0.0= 
MOOEO 
0.1 = MODEl 
1.0 
= MODE 2 
1.1 = MODE 3 


TB8 
PROGRAMS THE 9TH DATA BIT (IF NOT PARITY) ON 
TRANSMISSION; 
TI 
IS THE TRANSMIT INTERRUPT FLAG; 


three 
asynchronous 
modes. 
In the 
asynchronous 
modes baud rates of up to 187.5 Kbaud can be used, 
while in the synchronous 
mode rates up to 1.5 Mbaud 
are available. 
The chip has a baud rate generator 
which is independent 
of Timer 1 and Timer 2, so using 
the serial port does not take away any of the HSI, 
HSO or timer flexibility or functionality. 


Control 
of the 
serial 
port 
is provided 
through 
the 
SPCON/SPSTAT 
(Serial 
Port 
CONtrol/Serial 
Port 
STATus) register. This register, shown in Figure 2-15, 
has some bits which are read only and others which 
are write only. Although 
the functionality 
of the port 
is similar to that of the 8051, the names of some of 
the modes and control bits are different. The way in 
which the port is used from a software standpoint 
is 
also slightly different since RI and TI are cleared after 
each read of the register. 


The four modes of the serial port are referred to as 
modes 0, 1, 2, and 3. Mode 0 is the synchronous 
mode, and is commonly 
used to interface to shift reg- 
isters for I/O expansion. 
In this mode the port outputs 
a pulse train on the TXD pin and either transmits 
or 
receives data on the RXD pin. Mode 1 is the standard 
asynchronous 
mode, 8 bits plus a stop and start bit 
are sent or received. 
Modes 2 and 3 handle 9 bits 
plus a stop and start bit. The difference 
between the 


two is, that in Mode 2 the serial port interrupt will not 
be activated unless the ninth data bit is a one; in Mode 
3 the interrupt 
is activated 
whenever 
a byte is re- 
ceived. 
These 
two modes 
are commonly 
used for 
interprocessor 
communication. 


Using XTALI: 


Mode 0: Baud 
Rate 
XTAL 1 frequency 


; B '* 0 
4*(B + 1) 


XTALl frequency 


64*(B+ 
I) 


Baud 
Rate 


Using T2CLK: 


Mode 0: Baud 
T2CLK frequency. 
B '* 0 
Rate 
B' 


Others: 
Baud 
T2CLK frequency 
B # 0 


Rate 
16*B' 


Note that B cannot equal 0, except when using 
XTALI 
in other than mode O. 


Baud rates for all of the modes are controlled through 
the Baud Rate register. This is a byte wide register 
which is loaded sequentially 
with two bytes, and in- 
ternally stores the value as a word. The least signif- 
icant byte is loaded to the register 
followed 
by the 
most significant. 
The most significant 
bit of the baud 
value determines 
the clock source for the baud rate 
generator. 
If the bit is a one, the XTAl1 
pin is used 
as the source, if it is a zero, the T2 ClK 
pin is used. 


The formulas 
shown in Figure 2-16 can be used to 
calculate the baud rates. The variable "B" is used to 
represent 
the least significant 
15 bits of the value 
loaded into the baud rate register. 


The baud rate register values for common baud rates 
are shown in Figure 2-17.These 
values can be used 
when XTAl1 
is selected as the clock source for serial 
modes other than Mode O. The percentage 
deviation 
from theoretical 
is listed to help assess the reliability 
of a given setup. In most cases a serial link will work 
if there is less than a 2.5% difference 
between 
the 
baud rates of the two systems. This is based on the 
assumption that 10 bits are transmitted 
per frame and 
the last bit of the frame 
must be valid for at least 
six-eigths 
of the bit time. if the two systems deviate 
from theoretical 
by 1.25% in opposite 
directions 
the 
maximum tolerance 
of 2.5% will be reached. There- 
fore, caution must be used when the baud rate de- 
viation approaches 
1.25% from theoretical. 
Note that 
an XTAl1 
frequency 
of 11.0592 
MHz can be used 
with the table values for 11 MHz to provide baud rates 
that have 0.0 percent 
deviation 
from theoretical. 
In 
most applications, 
however, 
the accuracy 
available 
when using an 11 MHz input frequency 
is sufficient. 


Serial 
port Mode 
1 is the easiest 
mode to use as 
there is little to worry about except initialization 
and 
loading and unloading 
SBUF, the Serial port BUFfer. 
If parity is enabled, (ie. PEN1). 7 bits plus even parity 
are used instead of 8 data bits. The parity calculation 
is done in hardware 
for even parity. Modes 2 and 3 
are similar to Mode 1, except that the ninth bit needs 
to be controlled 
and read. It is also not possible to 
enable parity in Mode 2. When parity is enabled 
in 
Mode 3 the ninth bit becomes 
the parity bit. If parity 
is not enabled, (ie. PEN = 0), the TB8 bit controls the 
state of the ninth transmitted 
bit. This bit must be set 
prior to each transmission. 
On reception, 
if PEN =0, 


the RB8 bit indicates the state of the ninth received 
bit. If parity is enabled, (ie. PEN = 1), the same bit is 
called 
RPE (Receive 
Parity 
Error), 
and is used to 
indicate a parity error. 


XTAL1 Frequency 
= 12.0 MHz 


Baud Rate 
Baud Register Value 
Percent Error 


19.2K 
8009H 
+ 2.40 


9600 
8013H 
+2.40 


4800 
8026H 
-0.16 


2400 
804DH 
-0.16 


1200 
809BH 
I 
-0.16 


300 
8270H 
0.00 


XTAL 1 Frequency = 11.0 MHz 


Baud Rate 
Baud Register Value 
Percent Error 


19.2K 
8008H 
+0.54 


8011H 
+0.54 


, 
9600 


4800 
8023H 
+0.54 


2400 
8047H 
+0.54 


1200 
808EH 
-0.16 


300 
823CH 
+0.01 


c 


XTAL 1 Frequency 
= 10.0 MHz 


Baud Rate 
Baud Register Value 
Percent Error 


19.2K 
8007H 
-1.70 


9600 
800FH 
-1.70 


4800 
8020H 
+ 1.38 


2400 
8040H 
-0.16 


1200 
8081H 
-0.16 


300 
8208H 
+0.03 


The software used to communicate 
between proces- 
sors is simplified 
by making use of Modes 2 and 3. 
In a basic protocol the ninth bit is called the address 
bit. If it is set high then the information 
in that byte is 
either the address 
of one of the processors 
on the 
link, or a command for all the processors. 
If the bit is 
a zero, the byte contains information for the processor 
or processors previously addressed. 
In standby mode 
all processors 
wait in Mode 2 for a byte with the 
address bit set. When they receive that byte, the soft- 
ware determines 
if the next message is for them. The 
processor that is to receive the message switches to 


Mode 3 and receives 
the information. 
Since this in- 
formation 
is sent with the ninth bit set to zero, none 
of the processors 
set to Mode 2 will be interrupted. 
By using this scheme the overall CPU time required 
for the serial port is minimized. 


A typical connection 
diagram for the multi-processor 
mode is shown in Figure 2-18. This type of commu- 
nication can be used to connect peripherals to a desk 
top computer, the axis of a multi-axis machine, or any 
other group of microcontrollers 
jointly 
performing 
a 
task. 


{ 
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Mode 0, the synchronous 
mode, is typically used for 
interfacing 
to shift registers 
for 1/0 expansion. 
The 
software to control this mode involves the REN (Re- 
ceiver ENable) bit, the clearing of the RI bit, and writ- 
ing to SBUF. To transmit 
to a shift register, 
REN is 
set to zero and SBUF is loaded with the information. 
The information 
will be sent and then the TI flag will 
be set. There are two ways to cause a reception to 
begin. The first is by causing 
a rising edge to occur 
on the REN bit, the second 
is by clearing 
RI with 
REN = 1. In either case, 
RI is set again when the 
received byte is available 
in SBUF. 


2.3.5. A to 0 Converter 
Analog inputs are frequently 
required in a microcon- 
troller application. 
The 8097 has a 1O-bit A to D con- 
verter that can use anyone 
of eight input channels. 
The conversions 
are done using the successive 
ap- 
proximation 
method, 
and 
require 
168 state 
times 
(42 microseconds 
with a 12 MHz clock.) 


The results are guaranteed 
monotonic 
by design of 
the converter. 
This means 
that if the analog 
input 
voltage changes, 
even slightly, the digital value will 
either stay the same or change in the same direction 
as the analog input. When doing process control ai- 


gorithms, 
it is frequently 
the changes 
in inputs that 
are required, not the absolute accuracy of the value. 
For this reason, even if the absolute 
accuracy 
of a 
10-bit converter 
is the same as that of an 8-bit con- 
verter, the 10-bit monotonic 
converter 
is much more 
useful. 


Since most of the analog inputs which are monitored 
by a microcontroller 
change 
very slowly 
relative to 
the 42 microsecond 
conversion 
time, it is acceptable 
to use a capacitive 
filter on each input instead of a 
sample and hold. The 8097 does not have an internal 
sample 
and hold, so it is necessary 
to ensure that 
the input signal does not change during the conver- 
sion time. The input to the AID must be between 
ANGND 
and VREF. ANGND 
must be within 
a few 
millivolts 
of VSS and VREF 
must be within 
a few 
tenths of a volt of VCC. 


Using the A to D converter 
on the 8097 can be a very 
low software overhead 
task because of the interrupt 
and HSO unit structure. 
The A to D can be started 
by the HSO unit at a preset time. When the conversion 
is complete it is possible to generate an interrupt. By 
using these features 
the A to D can be run under 
complete 
interrupt 
control. 
The A to D can also be 


AID COMMAND 
REGISTER 


(LOCATION 
02H) 


1 
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CHANNEL 
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OF THE 8 ANALOG 
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AID CHANNEL 
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STATUS 
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IDLE 


1 = CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIFICANT 
2 BITS 


MOST 
SIGNIFICANT 
BYTE 


directly controlled by software flags which are located 
in 
the 
AD_RESULT/AD_COMMAND 
Register, 


shown in Figure 2-19. 


2.3.6. PWM Register 
Analog outputs are just as important as analog inputs 
when connecting to a piece of equipment. True digital 
to analog 
converters 
are difficult to make on a mi- 
croprocessor 
because 
of all of the digital noise and 
the necessity 
of providing 
an on chip, relatively high 
current, 
rail to rail driver. They also take up a fair 
amount of silicon area which can be better used for 
other features. 
The A to D converter 
does use a D 
to A, but the currents 
involved are very small. 


For many applications 
an analog output signal can 
be replaced by a Pulse Width Modulated (PWM) sig- 
nal. This signal can be easily generated 
in hardware, 


and takes up much less silicon area than a true D to 
A. The signal is a variable duty cycle, fixed frequency 
waveform 
that can be integrated 
to provide 
an ap- 


proximation 
to an analog 
output. 
The frequency 
is 
fixed at a period of 64 microseconds 
for a 12 MHz 
clock 
speed. 
Controlling 
the PWM simply 
requires 
writing the desired 
duty cycle value (an 8-bit value) 
to the PWM Register. Some typical output waveforms 
that can be generated 
are shown in Figure 2-20. 


Converting the PWM signal to an analog signal varies 
in difficulty, depending 
upon the requirements 
of the 
system. Some systems, such as motors or switching 
power supplies actually require a PWM signal, not a 
true analog one. For many other cases it is necessary 
only to amplify the signal so that it switches 
rail-to- 
rail, and then filter it. Switching 
rail-to-rail means that 
the output of the amplifier 
will be a re(erence value 
when the input is a logical one, and the output will 


be zero when the input is a logical zero. The filter can 
be a simple RC network or an active filter. If a large 
amount of current is needed a buffer is also required. 
For low output currents, (less than '100 microamps or 
so), the circuit shown 
in Figure 2-21 can be used. 


The RC network determines 
how quiet the output is, 
but the quieter the output, the slower it can change. 
The design of high accuracy 
voltage 
followers 
and 
active filters is beyond t!1e scope of this paper, how- 
ever many books on the subject are available. 
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Figure 
2-20. PWM Output 
Waveforms 


The examples 
in this section show how to use each 
1/0 feature individually. 
Examples of using more than 
one feature at a time are described 
in section 4. All 
of the examples in this ap-note are set up to be used 
as listed. If run through 
ASM-96 
they will load and 
run on an SBE-96. In order to insure that the programs 
work, the stack pointer is initialized at the beginning 
of each program. If the programs are going to be used 
as modules of other programs, 
the stack pointer ini- 
tialization should only be used at the beginning of the 
main program. 


To avoid 
repetitive 
declarations 
the 
"include" 
file 


"DEM096.INC", 
shown 
in Listing 
3-1, 
is used. 
ASM-96 will insert this file into the code file whenever 
the directive "INCLUDE 
DEM096. 
INC" is used. The 
file contains 
the definitions 
for the SFRs and other 
variables. The include statement 
has been placed in 
all of the examples. 
It should be noted that some of 


the labels in this file are different 
from those in the 
file 8096.INC that is provided in the ASM-96 package. 


3.1. USING THE 8096'S PROCESSING 
SECTION 


3.1.1. Table Interpolation 
A good way of increasing speed for many processing 
tasks is to use table lookup with interpolation. 
This 
can 
eliminate 
lengthy 
calculations 
in many 
algo- 


rithms. Frequently it is used in programs that generate 
sine waveforms, 
use exponents 
in calculations, 
or 
require some non-linear function of a given input var- 
iable. Table lookup can also be used without 
inter- 


polation to determine 
the output state of 1/0 devices 
for a given state of a set of input devices. 
The pro- 


cedure is also a good example 
of 8096 code as it 
uses many of the software 
features. 
Two ways 
of 


making a lookup table are described, 
one way uses 
more calculation 
time, the second 
way uses more 
table space. 


, 
ZERO 
EOU 
OOh:WORD 
, 
R/W 
AD -COMMAND 
EOU 
02H:8YTE 
, 
W 
AD - RESULT -LD 
EOU 
02HIBYTE 
, 
R 
AD 
RESULT 
-HI 
EOU 
03H;BYTE 
, 
R 
H51 -MODE 
EOU 
Q)HIBYTE 
, 
W 
HSD -TIME 
EOU 
04H:WORD 
, 
W 
HSI -TIME 
EOU 
04H:WORD 
, 
R 
1150 -COMMAND 
EOU 
06H:BYTE 
, 
W 
HSI 
STATUS 
EOU 
06H:8YTE 
, 
R 
saur 
EOU 
07H:8YTE 
, 
R/W 
INT -MASK 
EOU 
08H;8YTE 
, 
R/W 
INT 
PENDING 
EOU 
09H:BYTE 
, 
R/W 
SPCON 
EOU 
IlH:8YTE 


SPSTAT 
EOU 
IlH;8YTE 
WA.TCHDOG 
EOU 
OAH;BYTE 
, 
W 
"'ATCHDOG 
TIMER 
TIMERl 
EOU 
OAH:WORD 
, 
R 
TIMER2 
EOU 
OCHIWDRD 
, 
R 
PO RT 0 
EOU 
OEH:BYTE 
, 
R 
BAUD 
REG 
EOU 
DEH 
I BYTE 
, 
W 
PORTI 
EOU 
O'H:8YTB 
, 
R/W 
PO RT 2 
EOU 
lOH;BYTE 
, 
R/W 
IOC 
0 
EOU 
ISHIBYTE 
, 
W 
1050 
EOU 
15H:8YTE 
, 
R 
lOCI 
EOU 
16H:BYTE 
, 
W 


1051 
EOU 
168 
I BYTE 
, 
R 
PWH -CONTROL 
EOU 
17H:BYTE 
, 
W 


SP 
EOU 
188:WORO 
, 
R/W 
STACIC 
POINTER 


RSEG 
• t 
ICH 


AX 
DSH 
OX 
DSH 
BX 
DSH 
CX 
DSW 


AL 
EOU 
AX 
I BYTE 
AH 
EOU 
(AX.l) 
: BYTE 


In both methods the procedure 
is similar. Values of 
a function 
are stored 
in memory 
for specific 
input 


values. To compute 
the output function for an input 


that 
is not listed, 
a linear 
approximation 
is made 


based on the nearest inputs and nearest outputs. As 
an example, consider the table below. 


If the input value was one of those listed then there 
would be no problem. 
Unfortunately 
the real world is 


never so kind. The input number will probably be 259 
or something 
similar. 
If this is the case linear inter- 


polation would provide a reasonable 
result. The for- 
mula is: 


UpperOutput-Lower Output 


Delta Out = ------- 
'(Actual Input-Lower Input) 


Upper Input-Lower Input 


Actual Output = Lower Output + Delta Out 


For the value of 259 the solution is: 


900·400 
500 
De~a Out = 300-200' 
(259-200) = 100 ' 59 = 5' 
59 
295 


To make the algorithm easier, (and therefore faster), 
it is appropriate 
to limit the range and accuracy of the 
function 
to only what is needed. 
It is also advanta- 
geous 
to make the input step (Upper 
Input-Lower 
Input) equal to a power of 2. This allows the substi- 
tution of multiple 
right shifts for a divide operation, 


thus speeding 
up throughput. 
The 8096 allows mul- 
tiple arithmetic 
right shifts with a single 
instruction 
providing 
a very fast divide if the divisor is a power 
of two. 


For the purpose 
of an example, 
a program 
with a 
12-bit output and an 8-bit input has been written. An 
input step of 16 (2"4) 
was selected. 
To cover the 


input range 17 words are needed, 255/16 + 1 word 
to handle values in the last 15 by1es of input range. 
Although only 12 bits are required for the output, the 
16-bit architecture 
offers no penalty for using 16 in- 
stead of 12 bits. 


The program for this example, 
shown in Listing 3·2, 


uses the definitions and equates from Listing 3-1, only 
the additional 
equates 
and definitions 
are shown in 
the code. 


Input Value 
Relative Table Address 
Table Value 


100 
0001H 
100 
200 
0002H 
400 
300 
0003H 
900 
400 
0004H 
1600 


IN 
VAL: 
TABLE 
LOW: 
TASLE-HIGH: 
IN 
DIPI 


IN-DIPS 
TAB 
DIP: 
OUT7 
RESULTJ 
OUT_DIF: 


1 
1 
1 
1 
IN 
DIP 


1 
1 
1 
1 


1 
upper 
Input 
- 
Lover 
Input 
; by te 


J 
Upper 
Output 
- 
Lover 
Output 


table: 
DeW 
Dew 
Dew 
Dew 
Dew 


LOB 
SHR8 
ANDB 


AL, 
IN 
VAL 
AL, 
'3- 
AL, 
.111111108 


Load 
teap 
with 
Actual 
Value 
Divide 
the 
byte 
by 
8 
Insure 
AL 
i. 
a 
word 
address 
Thi. 
effectively 
divides 
AL 
by 
2 
so 
AL 
• 
IN_VAL/16 


OUT_DIP, 
IN_DIP, 
TAB 
DIF ,, 


OUT_DIF, 
'4 
J 


byte ,, 


AL 
to 
word 
AX 
TABLE 
LOW 
is 
loaded 
with 
the 
value 


in 
the 
table 
at 
table 
location 
AX 


J 
TABLE 
HIGH 
is 
loaded 
with 
the 


value 
1n 
the 
table 
at 
table 


location 
AX+2 
(The 
next 
value 
in 
the 
table) 


IN 
DIrB-Ieast 
significant 
4 
bits 
of 
IN 
VAL 
Load 
byte 
IN 
DIrB 
to 
word 
IN 
DIP 


Output 
difference· 


Input-difference·Table 
difference 


Divide-by 
16 
(2··4) 


Add 
output 
difference 
to 
output 


generated 
with 
truncated 
IN 
VAL 
as 
input 
- 


Round 
to 
12-bit 
answer 


OOOOH, 
2000H, 
3400H, 
4CoOH 
: 
A 
rando~ 
function 
5oooR, 
6AOOH, 
12ooH, 
1800H 
lBooH, 
7DooH, 
160oH, 
6000R 
5DoOH, 
4BOoH, 
34ooH, 
2200H 
1000R 


If the function 
is known 
at the time of writing 
the 
software 
it is also possible 
to calculate 
in advance 
the change in the output function for a given change 
in the input. This method can save a divide and a few 
other instructions 
at the expense of doubling the size 


of the 
lookup 
table. 
There 
are many 
applications 
where time is critical and code space is overly abun- 
dant. In these cases the code in Listing 3-3 will work 
to the same specifications 
as the previous example. 


IN 
VAL: 
TABLE 
LOW: 
TABLE=:INC: 
IN 
DIP: 


IN-DIPB 
oUT: 
RESULT: 
OUT_oIF: 


1 
1 
1 
1 
IN 
01 P 
1 
1 
1 


Actual 
Input 
Value 
Table 
value 
for 
function 


Incre.ental 
change 
in 
function 
I 
Upper 
Input 
- 
Lower 
Input 


lbyte 


lookt 
LOB 
SHRB 
AN DB 


SP, 
,looR 
, 
Initiali&e 
SP 
to 
top 
of 
(e9· 
l i 1e 


AL, 
IN -VAL 
Load 
te.p 
with 
Actual 
value 
AL, 
I' 
Divide 
the 
byte 
by 
8 
AL, 
'1111111oB 
l~gr~eetre~~i~er~rSi~1S~:8fL 
by 
2 
00 AL . IN 
VAL/16 
AX , 
AL 
Load 
byte 
AL 
to 
word 
AX 


TABLB 
INC 
is 
loaded 
wi th 
the 
value 
in 
the 
incre.ent 
table 
at 
location 
AX+2 


MUL 
OUT_oIF, 
IN_DIY, 
TABLE 
tHC 


J 
Output 
difference 
- 


J 
Input=difff:rence*Incre.ental 
change 


IN 
olFS-least 
si9nificant 
4 
bits 
of 
IN 
VAL 


Load 
byte 
IN_oIPB 
to 
word 
IN 
DIY 


val 
table; 
- 
ocw 
Dew 
Dew 
Dew 
Dew 


inc 
table: 


Dew 
Dew 
Dew 
Dew 


ooooH, 
5oo0H, 
1BooH, 
5oooH, 
1000H 


Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN 
VAL 
as 
input 
- 


Round 
to 
12-bit 
answer 
Round 
up 
if 
Carry 
- 
1 


20ooH, 
3400H, 
teaoH 
J 
A 
random 
function 
6AooH, 
120oH, 
7BOOH 
7oooH, 
76008, 
6000H 
4800H, 
34008, 
2200" 


02008, 
OOoOH, 


o002oH, 
OrEEOH, 


014oH, 
o080H, 


oPY90H, 
orE90H, 


018oH, 
o06oH, 
oPY7oH, 
oYEEOH, 


olloH 
o030H 
oYYOoH 
orEEoH 


By making use of the second lookup table, one word 
of RAM was saved and 16 state times. In most cases 
this time savings would not make much of a differ- 
ence, but when pushing 
the processor 
to the limit, 
microseconds 
can make or break a design. 


3.1.2. PLlM-96 
Intel provides 
high level language 
support 
for most 
of its micro processors 
and microcontrollers 
in the 


form of PUM. Specifically, 
PUM refers to a family of 


languages, each similar in syntax, but specialized 
for 


the device 
for which 
it generates 
code. The PUM 


syntax is similar to PU1, and is easy to learn. PLM-96 
is the version of PUM used for the 8096. It is very 
code efficient 
as it was written 
specifically 
for the 
MCS-96 
family. 
PLM-96 
most 
closely 
resembles 
PLM-86, although it has bit and 1/0 functions similar 
to PLM-51. One line of PUM-code 
can take the place 


of many lines of assembly code. This is advantageous 
to the programmer, 
since code can usually be written 
at a set number of lines per hour, so the less lines of 
code that need to be written, the faster the task can 
be completed. 


If the first example of interpolation 
is considered, 
the 
PLM-96 code would be written as shown in Listing 
3-4. Note that version 1.0 of PLM-96 does not support 
32-bit results of 16 by 16 multiplies, 
so the ASM-96 
procedure "DMPY" 
is used. Procedure DMPY, shown 
in Listing 3-5, must be assembled and linked with the 
compiled PLM-96 program using RL-96, the relocator 
and linker. The command 
line to be used is: 


RL96 PLMEX1.0BJ, 
DMPY.OBJ, PLM96.L1B & 
to PLMOUT.OBJ 
ROM (2080H-3FFFH) 


PLMEX; 
DO, 


DECLARE 
IN 
VAi. 
WORD 
PUBLIC, 
DECLARE 
TABLE -LOW 
INTEGER 
PUBLIC, 
DECLARE 
TABLE -HIGH 
INTEGER 
PUBLIC, 
DECLARE 
TABLE 
DIP 
INTEGER 
PUBLIC, 
DECLARE 
OUT 
- 
INTEGER 
PUBLIC, 
DECLARE 
RESULT 
INTEGER 
PUBLIC, 
DECLARE 
OUT 
DIP 
LONGINT 
PUBLIC, 
DECLARE 
TEMP 
WORD 
PUBLIC, 


DECLARE 
TABLE(17) 
OooOH, 
2000H, 
5DOOR, 
6AOOR, 
7BOOR, 
7DOOH, 
50008, 
4BOOH, 
1 0 0 OR) 
, 


INTEGER 
DATA 
34008, 
4COOH, 
72008, 
78008, 
76008, 
60008, 
34008, 
2200R, 


DMPY: 
PROCEDURE 
(A,8) 
LONGINT 
EXTERNAL, 
DECLARE 
(A,B) 
INTEGER, 


END 
DMPYi 


TABLE 
LOW-TABLE(TEMP), 
/* 
If 
-TEMP- 
va. 
replaced 
by 
-SHR(IN 
VAL,4)- 
*/ 


TABLE=HIGH-TABLE(TEMP+l)J 
1* 
The 
code 
vould 
vork 
but 
the 
8096 
would 
*1 
1* 
do 
two 
shifts 
*1 


OUT_DIP-DMPY(TABLE_DIF,SIGNBD(IN 
VAL 
AND 
oFH)) 
116, 


OUT-SAR«TABLE_LOW+OUT_DIP),4), 
/* 
SAR 
perfor.s 
an 
arithmetic 
riqht 
shift, 
in 
this 
case 
4 
places 
are 
shifted 
*/ 


IF 
CARRy-a 
THEN 
RESULT-OUT, 
1* 
U.in9 
the 
hardware 
fla9s 
.ust 
be 
done 
*1 


ELSE 
RESULT-OUT+IJ 
/* 
with 
care 
to 
ensure 
the 
fla9 
i8 
tested 
*/ 
/* 
in 
the 
desired 
instruction 
sequence 
*/ 


PLMRBG+4 
PLM REG 
PLMREG, 
(SP)+ 


, 
Load 
return 
address 
I 
Load 
one 
operand 


J 
Load 
second 
operand 
and 
incre.ent 
SP 


Using PLM, code requires less lines, is much faster 
to write, and easier to maintain, but may take slightly 
longer to run. For this example, 
the assembly 
code 
generated 
by the PLM-96 compiler 
takes 56.75 mi- 
croseconds 
to run instead of 30.75 microseconds. 
If 
PLM-96 performed 
the 32-bit result multiply instead 
of using the ASM-96 routine the PLM code would take 
41.5 microseconds 
to run. The actual code listings 
are shown in Appendix 
A. 


3.2. USING THE I/O SECTION 


3.2.1. Using the HSI unit 
One of the most frequent uses of the HSI is to mea- 
sure the time between events. This can be used for 
frequency determination 
in lab instruments, 
or speed! 


acceleration 
information 
when 
connected 
to pulse 


type encoders. 
The code in Listing 3-6 can be used 
to determine the high and low times of the signals on 
two lines. This code can be easily expanded to 4 lines 
and can also be modified 
to work 
as an interrupt 
routine. 


Frequently it is also desired to keep track of the num- 
ber of events which have occurred, 
as well as how 
often they are occurring. By using a software counter 
this feature can be added to the above code. This 
code 
depends 
on the software 
responding 
to the 
change in line state before the line changes again. If 
this cannot be guaranteed 
then it may be necessary 
to use 2 HSllines 
for each incoming line. In this case 
one HSI line would look for falling edges while the 
other looks for rising edges. The code in Listing 3-7 
includes both the counter feature and the edge detect 
feature. 


The uses for this type of routine are almost endless. 
In instrumentation 
it can be used to determine 
fre- 
quency on input lines, or perhaps baud rate for a self 
adjusting serial port. Section 4.2 contains an example 
of making a software 
serial port using the HSI unit. 


Interfacing 
to some form of mechanically 
generated 
position information 
is a very frequent use of the HSI. 


The applications 
in this category 
include motor con- 
trol, precise positioning (print heads, disk drives, etc.), 


HIGH 
TIME; 
dsv 
LOW 
TIME: 
de" 
PERIOD: 
dew 
HI 
EDGE: 
dew 
LO=EDGEI 
daw 


LD 
LOB 
LOB 


w a it: 
ADD 
J BS 
J Be 


continI 
LOB 


LD 


JBS 


hol -1o, 
ST 
SUB 
B. 


hol - 


hi, 
ST 
SUB 
B. 


BND 


SP, 
,looH 
lOCO, 
1000000018 
R5I_MODE, 
f000011118 


PERIOD, 
HIGH 
TIMB, 
LOW 
TIME 
10SI, 
6, 
contin 
I 
It 
PIPO 
1. 
full 
IoSl, 
1, 
walt 
I 
Wait 
while 
no 
pula. 
1. 
entered 


Load 
atatus, 
Note 
that 
reading 
R5I_TIME 
clears 
R51_STATUS 


J 
Load 
the 
R51_TIME 


I 
Ju.p 
if 
8SI.0 
1. 
high 


ax. 
LO 
BDGS 
HIGH 
TIMI, 
LO 
EDGI, 
HI 
BDGB 
"'81t- 


BX, 
HI 
BDGB 
LOW 
TIME, 
HI 
BDGB, 
LO_EDGB 
wait 


engine control and transmission 
control. The HSI unit 
is used extensively 
in the example in section 4.3. 


3.2.2. Using the HSO Unit 
Although the HSO has many uses, the best example 
is that of a multiple PWM output. This program, shown 
in Listing 3-8, is simple enough to be easily under- 
stood, yet it shows 
how to use the HSO for a task 
which can be complex. 
In order for this program to 
operate, another program needs to set up the on and 
off time variables 
for each 
line. The program 
also 
requires that a HSO line not change so quickly that 


it changes 
twice between 
consecutive 
reads of I/O 
Status Register 0, (IOSO). 


A very eye catching example can be made by having 
the above program 
output waveforms 
that vary over 
time. The driver routine in Listing 3-10 can be linked 
to the above program to provide this function. Linking 
is accomplished 
using RL96, the relocatable linker for 
the 8096. Information 
for using RL96 can be found 
in the "MCS-96 
Utilities Users Guide", 
listed in the 
bibliography. 
In order for the program to link, the reg- 
ister 
declaration 
section 
(ie. the 
section 
between 


TIMEs 
DSM 
LAST 
RI 
5E 
t 
OSW 
LAST-rALLI 
os ••. 
H51 
SO, 
DBB 
10sI 
SAKI 
DSB 
PERIOD: 
DSW 
LOW 
TIME, 
OSW 
HIGH 
TIME: 
OSW 
COUNT 
I 
oSW 


Cl!I&q 
• t 


1 n 1 t : 
LD 


LDB 


LDB 
LDB 


w a it: 
ANOB 
o.B 


JBC 


AN DB 
LD 


JBS 
JBS 
B' 
.-r18e: 
SUB 
SUB 
LD 
B' 
.-fall 
: 
SUB 
SUB 
LD 


Incre.ent: 


IHC 


no -cot: 
B' 


'.D 


set 
hal.l 
-, 
hal.O 
+ 
Enable 
hel 
0,1 
72 
CLOCK-T2CLK, 
T2R5T-T2RST 
Clear 
tlfler2 


Clear 
10SI 
BAK.l 
Store 
Into-teap 
to 
avoid 
cl •• rlnC) 
other 
flags 
whlch 
.ay 
be 
needed 
If 
hel 
1s 
not 
tr19gered 
then 
juap 
to 
walt 


USI 
50,0,. 
rla. 
HSI-SO,2,a-fall 
no_cot 
- 


LOW 
TIME, 
TIME, 
LAST 
FALL 
PERIOD, 
TIME,LAST 
RISE 
LAST 
RISE, 
TIME 
- 


Incre.ent 


HIGH 
TIME, 
TIME, 
LAST 
RISE 
PERIOD, 
TIME,LAST 
fALL 
LAST_PALL, 
TIME 
- 


HSO 
ON 
0: 
DSW 
Hso-orr 
01 
DSW 
HSO-ON 
I 
I 
DSW 
HSO-Orr 
1 
DSW 
OLD-5TATr 
dab 
NEW=5TAT: 
dsb 


LD 
LD 
LD 
LD 
LD 
ANDB 
XORB 


store 
stat: 


- 
ANDB 
CMPB 
J' 
XORB 


check 
0: 


JBC 
JBS 


set 
on 
0: 


LOB 
ADD 
BR 


set_off 
0: 
LOB 
ADD 


check 
1: 


JBC 
JBS 


set_on 
1; 


LOB 
ADD 
BR 


set_off 
1: 
LOB 
ADD 


5P,'lOOH 
HSO 
ON 
0, 
'lOOH 
H50-OPr 
0, 
'4008 
H50-ON 
1, 
'280H 
Hso-orF 
1, 
'280H 
OLD-STAT, 
1050, 
10rH 
OLO=sTAT, 
10rH 


Set 
initial 
value. 
Not. 
that 
ti.ea 
.uat 
be 
long 
enough 
to 
allow 
the 
routine 
to 
run 
after 
each 
line 
change. 


For 
opperation 
with 
interrupts 
'store 
stat: 
I 
would 
be 
the 
entry 
point 
of 
the 
routine. 
- 
Note 
that 
a 
DI 
or 
PUSHr 
.ight 
have 
to 
be 
added. 


NEW 
STAT, 
10SO, 
,OPH 
OLD-STAT, 
NEW_STAT 
wait 
OLD_STAT, 
NEW_STAT 


Hso 
COMMAND, 
'001100008 
HsO-TIME, 
TIMERl, 
HSO_OFF 
0 
check 
1 


Set 
IISo 
foe 
ti.eel, 
set 
pin 
a 
Ti.e 
to 
set 
pin· 
Ti.eel 
value 
• 
Ti.e 
foe 
pin 
tn 
be 
low 


Set 
HsO 
foe 
ti.erl, 
cleae 
pin 
0 
Ti.e 
to 
clear 
pin· 
Ti.erl 
value 
• 
TiMe 
foe 
pin 
to 
be 
high 


HsO 
COMMAND, 
'001100018 
HSO-TIME, 
TIMER1, 
HSO 
OrF 
1 
check_done 
- 


Set 
H50 
for 
ti.erl, 
clear 
pin 
1 
Ti.e 
to 
clear 
pin· 
Ti.erl 
value 
+ 
Ti.e 
tor 
pin 
to 
be 
high 


"RSEG" and "CSEG") 
in Listing 3-8 must be changed 
to that in Listing 3-9. 


The driver routine simply changes 
the duty cycle of 
the waveform 
and sets the second HSO output to a 


frequency twice that of the first one. A slightly different 
driver routine could easily be the basis for a switching 
power supply or a variable frequency/variable 
voltage 
motor driver. The listing of the driver routine is shown 
in Listing 3-10. 


NOTE: 
Use 
this 
file 
to 
~eplace 
the 
declaration 
section 
of 
the 
HSO 
PWM 
program 
fro~ 
-SINCLUDE(OEM096.INC)· 
through 
the 
line 
prior 
to 
the 
label 
·wait-. 
~lso 
change 
the 
last 
branch 
in 
the 
program 
to 
a 
-RET-. 


o 
STAT: 
extrn 
extrn 
ext 
r n 
extrn 
extrn 


OS8 
HSO 
ON 
0 
:word 
850-0N-l 
:word 


HSO-TIME 
:word 
TIMER 
1 
n,ord 
SP 
:word 


1 
uso 
0'" 
0 
:word 
HSO-OF'-l 
:word 
USO-COMMAND 
Ibyte 
1050 
:byte 


public 
OLD 
STAT 
OLD 
STAT: 
- 
dab 
NEW=STAT: 
dab 


PUBLIC 
PU BLIe 
PUBLIC 
PUBLIC 


HSO 
ON 
0 
, 
HSO 
OFF 
0 
H50-0N-1 
, H50-0"-1 
n50-T1ME 
, 
HSO-COMMAND 


SP 
~ 
TIMERl 
• 
10SO 


U50 
ON 
0: 
dew 
"SO-OFF 
0: 
d8W 
"SO-ON 
1: 
dsw 
H50=O"_1: 
ds", 
count: 
dab 


01 
LO 
ANOB 
XORB 


SP, 
,100H 
OLD 
STAT, 
IOSo, 
10FR 
OLO::::STAT. 
10ru 


AX, 
11000H 
SX, 
AX, 
ex 
AX, 
ex 


AX, 
• 1 
ax,. 
1 
AX, 
HSO 
ON 
1 
BX, 
Hso::::orp_l 


cx 
ex, 
,OOYOOH 
loop 


Since the 8096 needs to keep track of events which 
often repeat at set intervals it is convenient to be able 
to have 
Timer 
2 act as a programmable 
modulo 
counter. There are several ways of doing this. The 
first is to program 
the HSO to reset Timer 
2 when 
Timer 2 equals a set value. A software 
timer set to 
interrupt 
at Timer 
2 equals 
zero could 
be used to 
reload the CAM. This software 
method takes up two 
locations in the CAM and does not synchronize 
Timer 
2 to the external world. 


To synchronize 
Timer 
2 externally 
the T2 RST 


(Timer2 ReSeT) pin can be used. In this way Timer 
2 will get reset on each rising edge of T2 RST. If it 
is desired 
to have an interrupt 
generated 
and time 
recorded when Timer 2 gets reset, the signal for its 
reset can be taken from HSI.O instead of T2RST. The 
HSI.O pin has its own interrupt vector which functions 
independently 
of the HSI unit. 


Another 
option available 
is to use the HSI.1 pin to 
clock Timer2. By using this approach 
it is possible to 
use the HSI to measure the period of events on the 
input to Timer2. 
If both of the HSI pins are used in- 
stead of the T2RST and T2CLK pins the HSIO unit 
can keep track of speed and position of the rotating 
device with very little software 
overhead. 
This type 
of setup is ideal for a system like the one shown in 
Figure 3-1, and similar to the one used in section 4.3. 


In this system a sequence of events is required based 
on the position of the gear which represents any piece 
of rotating machinery. 
Timer 2 holds the count of the 
number of tooth edges passed since the index mark. 
By using HSI.1 as the input to Timer 2, instead of T2 
CLK, it is possible to determine 
tooth count and time 
information 
through 
the HSI. From this information 
instantaneous 
velocity 
and acceleration 
can be cal- 
culated. 
Having 
the tooth 
edge 
count 
in Timer 
2 


HSl.1 
OR T2CLK 


TIMER 
2 HOLDS 
TOOTH 
COUNT 


HSI MEASURES 
PULSE 
PERIOD 


HSI.O OR T2RST 


RESETS 
TIMER 
2 AND/OR 


CAUSES 
INTERRUPT 


means that the HSO unit can be used to initiate the 
desired tasks at the appropriate 
tooth count. The in- 
terrupt routine initiated by HSI.O can be used to per- 
form any software 
task required every revolution. 
In 
this system, the overhead 
which would normally re- 
quire 
extensive 
software 
has been 
done with the 
hardware 
on the 8096, thus making 
more software 
time available 
for control programs. 


3.2.3. Using the Serial Port in Mode 1 
Mode 1 of the serial port supports 
the basic asyn- 
chronous 
8-bit protocol 
and is used to interface 
to 
most CATs and printers. The example in Listing 3-11 
shows a simple routine which receives 
a character 
and than transmits 
the same character. The code is 


set up so that minor modifications 
could make it run 
on an interrupt basis. Note that it is necessary 
to set 
up some flags as initial conditions 
to get the routine 
to run properly. If it was desired to send 7 bits of data 
plus parity instead of 8 bits of data the PEN bit would 
be set to a one. Interprocessor 
communication, 
as 
described 
in section 2.3.4, can be set up by simply 
adding code to change AB8 and the port mode to the 
listing below. The hardware shown in Figure 3-2 can 
be used to convert the logic level output of the 8096 
to ± 12 or 15 volt levels to connect 
to a CAT. This 
circuit has been found to work with most AS-232 de- 
vices, although 
it does not conform to strict AS-232 
specifications. 
If true AS-232 conformance 
is required 
then any standard 
AS-232 driver can be used. 


CHR: 
dab 
1 
SPT!"P: 
dab 
1 
TEMPO: 
dab 
1 
TEMP!: 
dab 
1 
ReV_PLAG: 
deb 


see 
port 
intI 
- 
PUSHP 
cd 
8941n: 


- 
LOB 


ORB 
ANDS 
J.E 


SPTEMP, 
SP5TAT 
TEMPO, 
8PTEMP 
5PTEMP,.OllOOOOOB 
cd_sqa!n 
I 
Repeat 
until 
TI 
and 
HI 
are 
properly 
cleared 


This 
section 
ot 
code 
can 
be 
replaced 


vith 
·ORB 
TEMPO, 
SP 
STAT- 
vhen 
the 


serial 
port 
TI 
and 
RI 
buge 
are 
fixed 


get 
byte: 
- 
JRC 


STB 
ANOB 
LOB 


put 
byte: 


JBC 
JBC 
LOB 
ANDB 


continue: 


POPF 
RET 


TEMPO, 
6, 
put 
byte 
SBUF, 
CHR 
- 


TEMPO, 
110111111B 
RCV_FLAG, 
10FFH 


RCV 
'LAG, 
0, 
continue 
TEMPO,S, 
continue 
SBur, 
CHR 
TEMPO, 
'11011111B 


AN DB 
CMPB 
JHE 
LOB 
BR 


CUR, 
'011111118 
CHR,loDH 
cl r 
rcv 
CHR-; 
10AH 
continue 


If 
RI-te.p 
is 
not 
set 
Store 
byte 
CLR 
RI- teap 
Set 
bit-received 
flag 


If 
receive 
flag 
i8 
cleared 
If 
TI 
vas 
not 
set 
Send 
byte 
CLR 
TI-teap 


XMITDATA 


(TO RS232 
PIN 3) 


3.2.4. Using the A to D 
The code in Listing 3-12 makes use of the software 
flags 
to 
implement 
a non-interrupt 
driven 
routine 
which scans A to D channels 0 through 3 and stores 
them as words in RAM. An interrupt driven routine is 
shown 
in section 
4.1 When 
using the A to D it is 
important 
to always 
read the value using the byte 
read commands, 
and to give the converter 
8 state 
times to start converting 
before reading the status bit. 


Since there 
is no sample 
and hold on the A to D 
converter 
it may be desirable 
to use an RC filter on 
each input. A 100 ohm resistor in series with a 0.22 
uf capacitor to ground has been used successfully 
in 
the lab. This circuit gives a time constant 
of around 
22 microseconds 
which should be long enough to get 
rid of most noise, without overly slowing the A to D 
response time. 


Using the 8096 for applications 
which consist only of 
the brief examples 
in the previous section does not 


really make use of its full capabilities. 
The following 
examples use some of the code blocks from the pre- 
vious section to show how several 
I/O features 
can 
be used 
together 
to accomplish 
a practical 
task. 


Three examples 
will be shown. The first is simply a 
combination 
of several of the section 3 examples run 
under an interrupt system. Next, a software serial port 
using the HSIO unit is described. The concluding 
ex- 
ample is one of interfacing 
the HSI unit to an optical 
encoder to control a motor. 


4.1. SIMULTANEOUS 
I/O ROUTINES 
UNDER INTERRUPT 
CONTROL 


A four channel analog to PWM converter 
can easily 
be made using the 8096. In the example 
in Listing 4 
analog channels are read and 3 PWM waveforms are 
generated 
on the HSO lines and one on the PWM 
pin. Each analog channel is used to set the duty cycle 
of its associated 
output 
pin. The 
interrupt 
system 
keeps the whole program 
humming, 
providing 
time 
for a background task which is simply a 32 bit software 
counter. To show which routines are executing 
and 


RESULT 
TABLE: 
RESULT 
1: 
dsv 
RESULT-2: 
dsw 
RESULT-3: 
dsw 
RESULT-C: 
dsw 


NOP 
NOP 
check: 
JBB 


ADD8 
LDBZE 
ST 


Ot, 
SL, 
Bt 
OX, 
DL 
AX, 
RESULT 
TABLB(DX} 


The initialization section, shown in Listing 4-1 a, clears 
a few variables 
and then loads the first set of on and 
off times to the HSO unit. Note that 8 state times must 


be waited between consecutive 
loads of the HSO. If 
this is not done it is possible to overwrite the contents 
of the CAM holding register. An ND interrupt is forced 
by setting the bit in the Interrupt 
Pending 
register. 
This causes the first ND interrupt to occur just after 
the Interrupt Mask register is set and interrupts 
are 
enabled. 


in which order, Port 1 output pins are used to indicate 
the current status of each task. The actual code listing 
is included in Appendix 
B. 


I 
This 
program 
will 
provide) 
PWH 
outputs 
on 
HSO 
pins 
0-2 


I 
and 
one 
on 
the 
PWM. 


I 


I 
The 
PWM 
values 
are 
determined 
by 
the 
input 
to 
the 
AID 
converter. 


I 


J 
" 
II'; 
, J, 
,"" 
II'; 
IJ 
II 
IJ 
", 
"J 
IJ 
""'" 
"'" 
J 
I "" 
J' 
J "J 
J 
II 


ON 
TIME: 


PWM 
TIME 
I: 
OSW 
USa-ON 
01 
DSW 
85o-0N-II 
DSW 


H50=ON:2: 
OSW 


RESULT 
TABLE: 


RESULT 
0: 
RESULT-I: 
RESULT-2 
: 


RESULT:=3 
I 


NXT 
ON 
T: 
NXT-OPP 
0; 


NXT-OP'P-ll 
NXT-OFP-2t 


COUNT 
I 
- 


AD 
NUM; 


THPI 
USO 
PER; 


LAST_LOAD: 


Dew 
start 
J 
Tlaer_ovf_int 
DeW 
Atad 
done 
lnt 
DeW 
start 
J 
RSI_data_lnt 
DeW 
HSO_exec_lnt 


start: 
LO 
CL. 
valt: 
DEe 
JHE 


SP, 
'lOOH 
AX 
AX 
wait 


PMM 
TIME 
1, 
,oBOH 
HSO-PER,-'IOOH 
H5o-oN 
0, 
,040H 
H5o-oN-l, 
,oBoH 


H50=ON:2, 
'OCOH 


LAST 
LOAD, 
'000001118 
INT 
MASK, 
'000010108 
INT=PENDING, 
'000010108 


Laat 
loaded 
value 
vas 
set 
all 
pins 


Enable 
HsO 
and 
A/D 
interrupts 


Pake 
an 
A/D 
and 
HSO 
interrupt 


Portl, 
'000000018 
COUNT, 
'01 
COUNT+2,aero 
Portl, 
,11111110B 
loop 


ORB 
ADD 
AOOC 


ANOB 
BR 


",J", 
,,, 
Ii 
IJ'J" 
I'J 
,J,J,J"", 
I",,'J,J 
I J ,,,, 
'i"" 
'" 
"" 
IJ", 
'i 
iJ 
iJ 
"J' 
IJ 
'il,,,,,,,,,J':I 
HSO 
EXECUTED 
INTERRUPT 
"J"JIJ""J'J;,,"J 


"'J' 
"" 
i 'i " '" 
'JIJ 
IJ 
" 
"J 
'J 
li'J 
"J,J 
IJ 
" 
" 
IJ 
'" 
Ii 
I J I; 
" 
IJ 
I " 
'i 
I J'ii 
Ii Ii 
i,J 


HSO 
exec 
int; 
- 
PUSHF 
ORB 


SUB 
TMP,TIMER1, 
NXT 
ON 
T 


CMP 
TMP,ZERO 
- 


JLT 
set_ofl_tiMes 


set 
on 
tiaes; 


ADD 
LOB 
LD 
Nap 
Nap 
LOB 
LD 


NXT 
ON 
T, 
HSO 
PER 
HsO-cOMMAND, 
'001101108 
HSO=TIME, 
NXT_ON_T 


HSO 
COMMAND, 
'001000108 
HSO=TIME, 
NXT_ON_T 


LAST_LOAD, 
,00000111B 


ADD 
NXT 
OFF 
0, 
NXT 
ON 
T, 
HSO 
ON 
0 
L08 
HSO-COMMAND, 
'000100008 
J 
Set 
HSO 
lor 
ti.erl, 
clear 
pin 
0 


LO 
HSO=TIME, 
NXT_OFP_O 


Nap 
ADD 
NXT 
OFF 
1, 
NXT 
ON 
T, 
HSO 
ON 
1 
L08 
HSO-cOMMAND, 
,00010001B 
- 
-, 
Set 
HSO 
for 
ti.er), 
clear 
pin 
1 


LO 
HSO=TIHE, 
NXT_OFP_l 


Nap 
ADD 
NXT 
OFF 
2, 
NXT 
ON 
T, 
HSO 
ON 
2 


LD8 
HSO-cOMMAND, 
'000100108 
- 
- 
, 
Set 
HSO 
for 
tiaerl, 
clear 
pin 
2 
LO 
HSO=TIME, 
NXT_OFP_2 


check 
done: 


ANDB 
PO PP 
RET 


ATOo 
done 
int: 


- 
PUSH' 
ORB 
Portl. 
'00000100B 


,'",J 
" 
,""""",,""", 
,,,, 
I "" 
f' 
f'J 
J f" 
II 
I' 
I I I' 
I I I II" 
" 
I I' 
I' 
I' 
f'" 
I I I 
JII":JfJ'III1" 
A 
TO 
0 
COMPLETE 
INTERRUPT 
'1IIlfJ'lIfIlJJ"': 


f" 
I' 
f' 
I' 
f J"J,J, 
I 
I'J'" 
fl 
,JJ 
IJ 
IJ 
I J f'" 
fJ 
I J IJ'" 
IJJ 
J J' 
fi; 
I J J' 
J" 
II" 
J; 
f I' 
J'" 


ANDB 
LOB 
AoDB 
LD8ZE 
ST 


AL, 
AD 
RESULT 
LO,'11000000B 
AH, 
AD-RESULT-HI 
DL. 
AD-NUH. 
AD 
NUH 
OX. 
DL- 
- 


AX, 
RESULT_TABLE 
lOX) 
J 
Store 


J 
Load 
low 
order 
result 


J 
Load 
high 
order 
result 


J 
DL- 
AD_NUH 
·2 


eMP8 
AL. 
'010000008 
JNH 
no 
rnd 
J 
Round 
up 
if 
needed 
CMPS 
AH~'OFFH 
J 
Don't 
incre.ent 
if 
AH-O'F" 
JE 
no 
rnd 
INca 
AH- 


AL, 
AH 
J 
Align 
byte 
and 
change 
to 
word 
AH 
AX, 
ON 
TIME(DX) 


no_rnd: 
LOB 
CLRS 
sor 


AD_COMMAND. 
AD 
NUM, 
'loooB 
I 
Start 
conversion 
on 
channel 


J 
indicated 
by 
AD 
NUM 
register 


Portl. 
'l1111011B 
J 
Clear 
'1.2 
- 
ANDB 
POP' 
RET 


The HSO routine 
shown 
in Listing 
4-1 b is slightly 
different 
than the one in section 
3. All of the HSO 


lines turn on at the same time, only the turn-off-time 
is varied between 
lines. This action is what is most 
commonly 
required 
for multiple 
PWM outputs 
and 
simplifies 
the software. 
A comparison 
is made be- 


tween Timer1 and the next HSO turn on time at the 
beginning 
of the routine. If the next turn on time has 


passed, then the on-times 
are loaded into the CAM, 
otherwise the off times are loaded. 


The maximum 
number of events in the CAM at any 
given time is 7. This occurs when the first line to turn 
off does so, causing the off-times 
for all of the lines 


to be loaded. For two of the lines there will be an off- 
time, an on-time, 
and the just loaded off-time. 
The 
other line (the one that just turned off) will have only 
the on-time and the just loaded off-time. 


AID conversions 
are performed by the code in Listing 


4-1c about every 60 microseconds, 
42 for the con- 


version, the rest for overhead. 
The AID routine sets 


up the HSO and PWM on and off times. Since the 


AID has a ten bit output, the most significant 
8 bits 
are rounded up or down based on the least significant 
two bits. 


4.2. SOFTWARE SERIAL PORT USING THE 
HSIO UNIT 


There 
are many systems 
which 
require 
more than 
one serial port, an example 
is a system which must 
communicate 
with other computers 
and have an ad- 
ditional port for a local console. If the on-board UART 
is being used as an inter-processor 
link, the HSIO 
unit can be used to interface the 8096 to an additional 
asynchronous 
line. 


Figure 4-1 shows the format of a standard 1O-bit asyn- 
chronous frame. The start bit is used to synchronize 
the receiver to the transmitter; 
at the leading edge of 


the START bit the receiver must set up its timing logic 
to sample the incoming line in the center of each bit. 
Following 
the start bit are the eight data bits which 
are transmitted 
least significant 
bit first. The STOP 
bit is set to the opposite 
state of the START bit to 


guarantee that the leading edge of the START bit will 
cause a transition 
on the line; it also provides 
for a 
dead time on the line so that the receiver can maintain 
its synchronization. 


The remainder 
of this section 
will show how a full- 
duplex asynchronous 
port can be built from the HSIO 
unit. There are four sections to this code: 


1. Interface 
routines. These routines provide a pro- 
cedural interface between the interrupt driven core 
of the software 
serial port and the remainder 
of 
the application 
software. 


2. Initialization 
routine. This routine is called during 
the initialization 
of the overall system and sets up 
the various variables 
used by the software 
port. 


3. Transmit 
ISA. This routine runs as an ISR (inter- 


rupt service 
routine) 
in response 
to an HSO in- 


terrupt interrupt. Its function is to serialize the data 
passed to it by the interface 
routines. 


4. Receive ISRs. There are two ISRs involved in the 
receive process. One of them runs in response to 
an HSI interrupt 
and is used to synchronize 
the 
receive process 
at the leading edge of the start 
bit. The second receive 
ISR runs in response 
to 
an HSO generated 
software' timer interrupt, 
this 
routine is scheduled 
to run at the center of each 
bit and is used to deserialize 
the incoming data. 


The routines share the set of variables that are shown 
in Listing 4-2. These variables 
should be accessed 
only by the routines which make up the software serial 


[eve 
state: 
,xrdy 
rxoverrun 
,I P 
reve_buf: 
reve 
reg: 


aaaple_tiee: 


indicates 
receive 
done 
indicates 
rec~lYe 
overflow 
receive 
in 
progress 
flag 
used 
to 
double 
bufter 
receive 
data 
used 
to 
deserialize 
receive 
records 
last 
receive 
aaaple 
tlee 


aerlal_outl 
ds,",l 
Holds 
the 
output 
charactec+fraalng 
(start 
and 
stop 
bits) 
for 
trans_it 
process. 


baud_count 
I 
dsw 
1 
Hold. 
the 
period 
of 
one 
bit 
In 
unita 
of 
Tl 
ticks. 


tXd_tiae: 
ds,",l 
Transition 
tlee 
of 
last 
Txd 
bit 
that 
sent 
to 
the 
CA." 
char: 
dab 
1 
for 
te8t 
only 
, 
, 
COMMANDS 
ISSUED 
TO 
THE 
HSO 
UNIT 


J 
••••••••••••••••••••••••••••••• 


I 
.ark 
co •• and 
equ 
OllOlOlb 
tlaerl,aet,lnterrupt 
on 
space 
co •• and 
equ 
OOIOIOlb 
tl.erl,clr,lnterrupt 
on 
sample_co 
•• and 
equ 
OOllOOOb 
software 
tl.er 
0 


port. The table also shows the declarations 
for the 
commands 
issued to the HSO unit. In this example 
HSI.2 is used for receive data and HSO.5 is used for 
transmit 
data, 
although 
other 
HSI and 
HSO 
lines 
could have been used. 


The interface routines are shown in Listing 4-3. Data 
is passed to the port by pushing the eight-bit char- 
acter into the stack and calling char _out, which waits 
for 
any 
in-process 
transmission 
to complete 
and 
stores the character 
into the variable serial-out. 
As 


the data is stored 
the START 
and STOP 
bits are 
added to the data bits. The routine char _in is called 
when the application 
software 
requires 
a character 
from the port. The data is returned in the ax register 
in conformance 
to PLM 96 calling conventions. 
The 
routine csts can be called to determine 
if a character 
is available at the port before calling char_in. 
( If no 
character 
is available char_in 
will wait indefinitely). 


The initialization 
routine is shown in Listing 4-4. This 
routine is called with the required 
baud rate in the 


I 
chAr 
out: 


J 
Output 
character 
to 
the 
softvare 
aerial 
port 


I 


pop 
pop 
Idb 
add 
vait 
for_xait: 


eap 
bne 
at 
b, 


ex 
bx 
(bx+l) 
,IOlh 
bx,bx 


serial 
out,D 
valt 
tor 
x.it 
bx,seriar 
out. 


{ex 
J 
- 


the 
return 
address 
the 
character 
for 
output 
add 
the 
start 
and 
stop 
bi 
tl!l 
to 
the 
char 
and 
l.ave 
a. 
16 
bit 


",ait 
for 
aerial 
out-O 
(it 
viII 
be 
cleared 
by 


the 
haa 
interrupt 
proces.) 
put 
the 
for.atted 
character 
In 
aerial_out 
return 
to 
caller 


I 
csta: 


J 
Returns 
-true- 
(4.<>0) 
if 
char_in 
haa 
a 
character. 
I 


el, 
bbe 
Ine 
cats 
exits 


,at 


ax 
rcve_8tate,O,c.t8_exlt 
ax 


I 
char 
in: 


J 
Get 
a 
character 
froa 
the 
80ftvare 
•• ri.l 
port 
I 


bbe 
pushf 
.ndb 
Idbze 
po pf 
,at 


J 
",ait 
for 
character 
ready 
reve 
state,O,char 
in 


- 
,-set 
up 
a 
critic.l 
re9ion 
rcve 
state,'not(rxrdy) 
al, [eve_but 


I 
setup 
aerial 
port: 
; 
Called 
on 
systeM 
reset 
to 
intiate 
the 
software 
serial 
port. 


pop 
pop 
Id 
Id 
divu 
s t 
at 
Idb 
bba 


add 
Idb 
Id 
clrb 
c1rb 
clrb 
c.1l 
b, 


ex 
bx 
d.,I0007h 
•• ,'OA120h 
•• 
,b • 
•• ,baud 
count 
O,serlal 
out 
ioc1"OllOOOOOb 
i080,6,$ 


the 
return 
addres8 
the 
baud 
rate 
(in 
deci.a1) 
dXJaxt-SOO,OOO 
(a8suMes 
12 


clear 
serial 
out 
Enable 
H50.5 
and 
W.it 
for 
roo. 
in 
, 
and 
i88ue 
• 
MARK 
txd 
ti.e,ti.erl,20 
hao-co 
••• 
nd •••• 
rk 
co ••• nd 
hao-tl.e,txd 
tl.e- 


rcve_but 
- 
I 
cle.r 
out 
the 
receive 
variable. 
reVe 
re9 
rcve-atate 
Inlt-recelve 
(cx)- 


Txd 
the 
H50 
CAN 
co •• 
and. 


stack; it calculates the bit time from the baud rate and 
stores 
it in the 
variable 
baud_count 
in units 
of 
T1MER1 ticks. An HSO command is issued which will 
initiate the transmit process and then the remainder 
of the variables owned by the port are initialized. The 
routine iniLreceive 
is called to setup the HSI unit to 
look for the leading edge of the START bit. 


The transmit 
process 
is shown 
in Listing 4-5. The 
HSO unit is used to generate an output command to 
the transmit 
pin once per bit time. If the seriaLout 
register is zero a MARK (idle condition) 
is output. If 
the seriaLout 
register contains 
data then the least 


significant 
bit is output and the register shifted right 


one 
place. 
The 
framing 
information 
(START 
and 
STOP bits) are appended 
to the actual data by the 
interface routines. Note that this routine will executed 
once per bit time whether or not data is being trans- 
mitted. 
It would 
be possible 
to use this routine for 


additional low resolution timing functions with minimal 
overhead. 


The receive process consists of an initialization 
rou- 
tine and two interrupt 
service 
routines, hsLisr 
and 
software_timer _isr. 
The 
listings 
of these 
routines 


are shown in Listings 4-6a, 4-6b, and 4-6c respec- 


, 


haD 
1ar: 
; 
Fields 
the 
hsa 
interrupts 
and 
pertora. 
the 
serialization 
of 
the 
data. 


r 
Note: 
this 
routine 
would 
be 
incorporated 
into 
the 
haa 
service 
strategy 
for 
an 


; 
actual 
eyate 
•. 


c8eg 
pushf 
add 
e. p 
ba 
shr 
be 
send 
apace: 


Idb 
Id 
br 
send 
•• ark: 


Idb 
Id 


txd 
time,baud 
count 
serfal 
out,O 
- 
J 
if 
character 
1. 
done 
send 
a 
.ark 
send 
.irk 
aerial 
out"1 
, 
e18e 
.end 
bit 
0 
of 
serial 
out 
and 
ahift 
send 
.ark 
J 
aerial_out 
left 
one 
place. 


haa 
co •• and,'space 
co •• and 
hso-tiNe,txd 
tiae 
- 
hao::::isf_exlt- 


hac_lsr 
exit: 
pop! 
rat 


, 
lnit 
receive; 


J 
Called 
to 
prepare 
the 
serial 
input 
process 
to 
find 
the 
leading 
edge 
of 


a 
start. 
bit. 


Idb 
iocO,'OOOOOOOOb 
diaconnect 
chanqe 
detector 


ldb 
hsi __ ode 
•• OOIOOOOOb 
neqative 
edqes 
on 
891.2 
flush 
fifo: 
orb 
10al 
aave,ioal 
bbc 
iosl-save,7.flush 
fifo 
done 
ldb 
al.hel 
status 
- 
ld 
ax.hsl-ti.e 
trash 
the 
fifo 
entry 
andb 
iosl_""ve"not(80h) 
cleAr 
bit 
1. 
be 
flush 
fifo 
flush 
fifo 
doneJ 
- 


ldb 
iocO.'OoOtOOOOb 
J 
connect 
H91.2 
to 
detector 


rat 


J 
h.l 
18 r : 
Fields 
interrupts 
fro. 
the 
R51 
unit. 
used 
to 
detect 
the 
leading 
edge 
of 
the 
START 
bi 
t 
Note: 
this 
routine 
would 
be 
incorporated 
into 
the 
H51 
strategy 
of 
an 
actual 
system. 


cseg 
pushf 
push 
Idb 
Id 
bbe 
bbs 
Id 
shr 
add 
Idb 
st 
Idb 
exit 
hat: 


pop 
popf 
ret 


ax 
al,hs! 
status 
sample-time,ha! 
tillle 
al,.,exit 
hal 
1080,7,$ 
- 


ax,baud 
count 
ax,tl 
- 
••• ple 
tl.e,ax 
heo 
co •• and 
••••• 
ple 
co •• and 
••• ple 
ti.e,hao 
tl.; 
locO,.OOOOOOOOb- 


".1 t 
for 
send 
out 
bit 
ti.e 


software 
timer 
1sr: 
Fields-the 
software 
timer 
interrupt, 
used 
to 
deserialize 
the 
inco 
•• 
lng 
data. 
Note: 
this 
routine 
would 
be 
incorporated 
into 
the 
software 
ti~er 
stategy 
in 
an 
actual 
system. 


caeg 
pushf 
orb 
andb 
.ndb 
bne 
process 
start 
bbe 
call 
br 
start 
ok: 
orb 
br 


process 
data: 
bbs 
shrb 
bbe 
orb 
detazero: 


addb 
br 


check 
stopbit: 


bbe 
Idb 
orb 
andb 
call 
br 


10al 
aave,loal 
10al-aave,'not(Olh) 
O,rcve 
atate,'Ofch 
process 
data 
bi t: 
- 


hal 
atatua,5,atart 
ok 
Inlt 
receive 
software_ti.er_exit 


rcve 
atate,7,check 
stopbit 
rcve-reg,'t 
hal 
status,5,datazero 
rcve_reg,,80h 
J 
set 
the 
new 
data 
bit 


hai 
etatus,5,$ 
J 
DEBUG 
ONLY 
rcve 
buf,rcve 
reg 
rcve-state,'rxrdy 
rcve-state,'Olh 
f 
Clear 
all 
but 
ready 
and 
overrun 
bits 
ini t-receive 
sOftware_ti.er_exit 


schedule 
s •• ple: 


bbs 
i080,7,$ 
J 
walt 
for 
holding 
reg 
e.pty 
ldb 
hao 
co •• and,'sa.ple 
co •• and 
add 
saMple 
time,baud 
count 
st 
a •• ple=tlae,heo_time 


software 
tiMer 
exit: 


popf 
r e t 


tively. The start bit is detected 
by the hsLisr 
which 
schedules 
a software timer interrupt in one-half of a 
bit time. This first sample 
is used to verify that the 
START bit has not ended prematurely 
(a protection 
against 
a noisy 
line). 
The 
software 
timer 
service 
routine 
uses the variable 
rcve_state 
to determine 
whether 
it should check for a valid START bit, de- 
serialize data, or check for a valid STOP bit. When 
a complete 
character 
has been received it is moved 
to the receive buffer and init_receive 
is called to set 
up the receive process 
for the next character. 
This 
routine 
is also 
called 
when 
an error 
(e.g. 
invalid 
START bit) is detected. 


Appendix 
C contains the complete 
listing of the rou- 
tines and the simple loop which was used to initialize 
them and verify their operation. 
The test was run for 
several 
hours at 9600 baud with no apparent 
mal- 
function of the port. 


4.3. INTERFACING 
AN OPTICAL ENCODER 
TO THE HSI UNIT 


Optical encoders are among one of the more popular 
devices used to determine 
position of rotating equip- 
ment. These 
devices 
output 
two pulse trains 
with 
edges that occur from 2 to 4000 times a revolution. 


Frequently 
there is a third line which generates 
one 
pulse per revolution for indexing purposes. Figure 4-2 
shows a six line encoder and typical waveforms. 
As 
can be seen, the two waveforms 
provide the ability 
to determine 
both position and direction. 
Since a mi- 
crocontroller 
can perform 
real time calculations 
it is 
possible to determine velocity and acceleration 
from 
the position and time information. 


Interfacing to the encoder can be an interesting 
prob- 
lem, as it requires 
connecting 
mechanically 
gener- 
ated electrical signals to the HSI unit. The problems 
arise because it is difficult to obtain the exact nature 
of the signals under all conditions. 


The equipment 
used in the lab was a Pittman 9400 
series gearmotor with a 600 line optical encoder from 
Vernitech. The encoder has to be carefully 
attached 
to the shaft to minimize 
any runout or endplay. 
For- 
tunately, Pittman has started marketing their motors 
with ball bearings 
and optical 
encoders 
already 
in- 


stalled. 
It is 
recommended 
that 
the 
encoder 
be 
mounted to the motor using the exact specifications 
of the encoder manufacturer 
and/or a good machine 
shop. 


CLOCKWISE 


PHASEA~ 


PHASEB~ 


COUNTERCLOCKWISE 


PHASEA~ 


PHASEB~ 


Digital filtering 
external 
to the 8096 is used on the 
encoder 
signals. The idealized 
signals coming from 
the encoder 
and after the digital filter are shown in 
Figure 4-3. The circuitry 
connecting 
the encoder 
to 
the 8096 requires 
only two chips. A one-shot 
con- 
structed 
of XOR gates 
generates 
pulses 
on each 
edge of each signal. The pulses generated 
by Phase 
A are used to clock the signal from Phase B and vice 
versa. The hardware 
is shown in Figure 4-4. CMOS 
parts are used to reduce loading on the encoder so 
that 
buffers 
are 
not needed. 
Note 
that T2CLK 
is 
clocked on both edges of both filtered phases. 


By using this method 
repetitive 
edges 
on a single 
phase without an edge on the other phase will not be 
passed on to the 8096. Repetitive edges on a phase 
can occur when the motor is stopped and vibrates or 
when it is changing direction. The digital filtering tech- 
nique causes a little more delay in the signal at slow 
speeds than an analog filter would, but the simplicity 
trade off is worthwhile. 
The net effect of digital filtering 
is losing the ability to determine the first edge after a 
direction change. This does not affect the count since 
the first edge in both directions 
is lost. 


If it is desired to determine 
when each edge occurs 
before filtering, the encoder outputs can be attached 
directly to the 8096. As these would be input signals, 
Port 0 is the most likely choice for connection. 
It would 
not be required to connect these lines to the HSI unit, 
as the information 
on them would only be needed 
when the motor is going very slowly. 


The motor is driven 
using the PWM output 
pin for 
power control and a port pin for direction control. The 
8096 drives 
a 7438 which 
drives 
2 opto-isolators. 


These in turn drive two VFETs. A MOV (Metal Oxide 
Varistor, a type of transient absorber) is used to pro- 
tect the VFETs, and a capacitor 
filters the PWM to 
get the best motor performance. 
Figure 4-5 shows 
the driver circuitry. 
To avoid noise getting 
into the 
8096 system, the ± 15 volt power supply is isolated 
from the 8096 logic power supply. 


This is the extent of the external circuitry required for 
this example. All of the counting and direction detec- 
tion are done by the 8096. There are two sections to 
the example: driving the motor and interfacing 
to the 
encoder. The motor driver uses proportional 
control 


PHASE A' IS PHASE A CLOCKED 
BY PHASE B 
PHASE B' IS PHASE B CLOCKED 
BY PHASE A 


with some 
modifications 
and 
a braking 
algorithm. 


Since the main point of this example is I/O interfacing, 
the motor driver will be briefly described 
at the end 
of this section. 


In order to interface to the encoder it is necessary 
to 
know the types of waveforms 
that can be expected. 


The motor was accelerated 
and decelerated 
many 


times using different maximum voltages. It was found 
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that the motor would decelerate 
smoothly 
until the 
time between encoder edges was around 100 micro- 
seconds. At this point the motor would either continue 
to decelerate 
slowly, or would suddenly stop and re- 
verse. 
The 
latter 
case 
is the 
one that 
was 
most 
problematic. 


After a brief overview, 
each section of the program 
will be described separately, with the complete listing 
included in the Appendix 
D. In order to make debug- 
ging easier, as well as to provide insight into how the 
program is working, 
I/O port 1 is used to indicate the 
program 
status. This information 
consists 
of which 


routine the program is in and under which mode it is 
operating. The main program sections are: Main loop, 
HSI interrupt, Timer 2 check, and Motor drive. There 
are also minor sections 
such as initialization, 
timer 
overflow handling, and software timer handling. Tying 
everything 
together 
is some 
overhead 
and 
glue. 
Where the glue is not obvious 
it will be discussed, 


otherwise 
it can be derived from the listings. 


The program 
is a main loop which does nothing ex- 
cept serve 
as a place for the program 
to go when 
none of the interrupt routines are being run. All of the 
processing 
is done on an interrupt basis. 


There are three basic software 
modes which are in- 
voked 
depending 
on the speed 
of the motor. The 
modes referred to as 0, 1 and 2, in order from slowest 
to fastest operation. When the program is running the 


operating mode is indicated by the lower 2 bits of Port 
1, with the following 
coding: 


Pl.D 
Pl.l 
Mode 
Description 


a 
a 
a 
HSIlooksateveryedge 


1 
a 
1 
HSllooksat PhaseA edgesonly 


a 
1 
2 
Timer2 usedinsteadof HSI 


1 
1 
2 
(Alternateformofabove) 


The example is easiest to see if mode 2 is described 
first, followed 
by mode 
1 then mode O. In mode 2 
Timer 2 is used to count edges on the incoming signal. 
A software timer routine, which is actually run using 
HSO.O, uses the Timer 2 value to update a LONG 
(32-bit) 
software 
counter 
labeled 
POSITION. 
The 
HSO 
routine 
runs 
every 
260 
microseconds. 
The 
HSO.O interrupt is used instead of an actual software 
timer because of the ability to easily unmask it while 
other software timer routines are running. 


In the code in Listing 4-7, the mode is first determined. 
For the first pass ignore the code starting 
with the 
label in_mode_1. 
Starting 
with in_mode-2 
the 
counter is incremented 
or decremented 
based on bit 
zero of DIRECT. If DIRECT.O = 0 the motor is going 
backward, 
if it is a 1 the 
motor 
is going 
forward. 
Next the count difference 
is checked 
to see if it is 
slow enough 
to go into mode 
1. If not the routine 


returns to the code it was running when the interrupt 
occurred. 


IIi 
II 
,; 
III 
I ilil 
JII', 
II 
II 
;,.;, 
JI';JIIIJ 
II 
II 
I 
J 
"",;;, 
J 
II 
II 
II 
11'111'" 
", 
", 
J" 
J j 
J 
SOPTWARE 
TIMER 
ROUTINE 
0 
J I' 
J; 
II 
I 
';I'JI 
NOW 
USING 
"50.0 
TO 
TRIGGER 
111"'" 


"J 
"'l 
II 
I'" 
Jl'; 
III 
J 
11"1 
II 
IJ 
"1'1 
II 
" 
II 
II 
II" 
,; 
II 
J';,; 
II" 
I,; 
II 
II'" 
II' 
I 


PUSHP 
ldb 
add 


portl 
•• OOl000008 
Tiaer 
2.TIMER2 
Por t 1~l, 
i n_aode2 


in 
.odell 
aub 
c.p 
j h 
set 
.odeOI 
jbe 
andb 
ldb 
ldb 
br 


tapl,Tiaer 
2,old 
t2 
t.pl,'2 
- 
end_."tO 


Portl,O,end 
•• to 
Portl,.llllllOOB 
IoeO,.OIOIGIOlB 
last 
stat,zero 
end_8vtO 


if 
already 
in 
.ode 
0 
Clear 
Pl.0. 
pl.l 
(eet 
.ode 
0) 
enable 
all 
HBI 


in 
.ode2: 
- 
sub 
1d 


p08ition,delta 
p 
poaition 
.•.2,zero 
chk 
__ ode 


In_f'fd: 
add 
addc 
br 


chk 
••ode: 


- 
sub 
c.p 
J9t 


set 
••odel: 
andb 
orb 
1db 
1d 
sub 


1d 
andb 
orb 
j b s 


end 
swtO: 


1d 
andb 
POP' 
rot 


tMpl,Ti.e~ 
2,old 
t2 
t.pl,'5 
- 


end_slittO 


Check 
count 
difference 
in 
t.pl 


Bet 
.odel 
if 
count 
·1s 
too 
low 
count 
<- 
5 


Po~tl,lllllllOIB 
J 
Cleat 
P1.I, 
set 
pI.O 
(set 
.ode 
1) 


Portl"OOOOOOOIB 
IOCO,IOOOOOIOIB 
, 
enable 
"51 
0 
and 
1 


zero, 
"51 
TIME 
lastl 
t1 ••;,Tl.erl, 
••1n 
hall 


- 
J 
set 
up 
80 
(ti.e-last2_tifle».ln_hall 
on 
ne_t 
HSI 


ZERO, 
H5I 
TIME 
iosl 
bak,iOlllllllB 
iosl-bak,losl 
iosl=bak,7,clc_hsl 


If the pulse rate is slow enough to go to mode 1, the 
transition is made by enabling HSI.O and HSI.1. Both 
of these 
lines are connected 
to the same encoder 
line, with HSI.O looking 
for rising edges 
and HSI.1 


looking 
for falling 
edges. 
The 
HSLTlME 
register 
is read to speed 
up clearing 
the HSI fifo and the 
LAST1_ TIME value is set up so the mode 1 routine 
does not immediately 
put the program 
into another 
mode. The HSI fifo is then cleared, the Timer2 value 
used throughout this routine is saved, and the routine 
returns. 


This routine 
still runs in modes 0 and 1, but in an 
abbreviated 
form. The section of code starting 
with 
the label in_model 
checks to see if the pulses are 
coming 
in so slowly 
that 
both 
HSI 
lines 
can 
be 
checked. 
If this is the case then all of the HSls are 
enabled and the program returns. This routine is the 
secondary 
method for going from mode 1 to mode 0, 
the primary method is by checking the time between 
edges during the HSI routine, which will be described 
later. 


The HSO routine will enable mode 0 from mode 1 if 
two edges are not received every 260 microseconds. 


The primary method, (under the HSI routine), can only 
enable mode 0 after an edge is received. This could 
cause a problem if the last 2 edges on Phase A before 
the encoder stops were too close to enable mode O. 
If this happened, 
mode 0 would not be enabled until 


after the encoder 
started 
again, resulting 
in missed 


edges on Phase B. Using the HSO routine to switch 
from mode 1 to mode 0 eliminates 
this problem. 


Figure 4-6 shows a state diagram 
of how the mode 


switching 
is done. As can be seen, there 
are two 


sources for most of the mode decisions. 
This helps 


avoid problems such as the one mentioned 
above. 


When either Mode 1 or Mode 0 is enabled the HSI 
interrupt routine performs the counting of edges, while 
the HSO routine only ensures that the correct mode 
is running. The routines for modes 0 and 1 share the 
same initialization 
and completion 
sections, with the 
main body of code being different. 


The initialization 
routine is similar to many HSI rou- 


tines. The flags are checked 
to ensure that the HSI 


fifo data is valid, and then the fifo is read. Next, the 
main body of code (for either mode 0 or mode 1) is 


""""~1i<c°ll.,"'0,,..,.. 


<~<.,C< 


MODE 
0: HSI EXAMINES 
EDGES 
ON PHASE 
A AND 
B 


MODE 
1. HSI EXAMINES 
EDGES 
ON PHASE 
A ONLY 


MODE 
2: TIMER2 
STORES 
EDGECOUNT 
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ii 
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i Ii 
ii 
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1'1; 
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IJ;' 
I ii" 
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II; 
1;1 
ii;i 
I;';' 
iJ;" 
1111 
i I J; 
J; 
i I; 
I; 
I iI' 
II; 
Iii 
i I i I ii' 
i I i 


C5EG 
AT 
2400" 
now 
••ode 
I: 
br- 
no_fntl:- 
br 


hs'i 
data 
intI 


- 
orb 
andb 
o<b 
jbe 


qet 
values: 
ld 
andb 
ld 


Ii 
ii) 
iJI;1 
IJ" 
i'" 
, IJ' 
II 
11 
il;J 
"1 
IJ) 


11' 
i' '" 
11 
," 
"'" 


load 
lasts: 
- 
ld 
no_cnt: 
andb 
o<b 
j be 
aqain: 
br 


andb 
popf 
<et 


pushf 
portl"OlOOOOOOB 
iosl 
bak,'OlllllllB 
iosl-bak,losl 
toal:bak,7,no_lntl 


tl.er 
2,TIMER2 
hat 
aO,"51 
5TATU5,IOIOI010l8 
time, 
HSI_TIME 


t.r2 
old,tl.er 
2 
10al-bak,IOllIIlllB 
ioal-bak,iosl 
ioal-bak,7,no 
lnt 
get_values 
- 


run. At the end time and count values are saved and 
the holding register is checked for another event. list- 
ing 4-8 contains the initialization 
and completion 
sec- 
tions of the HSI routine. 


listing 
4-9 is the main body of the Mode 1 routine. 


Before any calculations 
are done in Mode 1, the in- 
coming 
pulse period is measured 
to see if it is too 


fast or too slow for mode 1. The time period between 
two 
edges 
is used 
so that 
the duty 
cycle 
of the 
waveform 
will not affect mode switching. 
If it is de- 
termined 
that Mode 2 should be set, Port 1.1 is set, 


all of the HSI lines are disabled, 
and the HSI fifo is 
cleared. If Mode 0 is to be set all of the HSllines 
are 
enabled 
and the variable 
LAST_STAT 
is cleared. 


LAST_STAT 
=0 is used as a flag to indicate the first 
HSI interrupt in Mode 0 after Mode 1. After the mode 
checking 
and selting 
are complete 
the incremental 
value in Timer 2 is used to update POSITION. 
The 


andb 
jne 
cap 
tiMe: 


set 
""ode 
2: 
orb 
ldb 
at_hail 
Id 
andb 
a,b 
jbs 
b, 


program then returns to the completion 
section of the 


routine. 


There is a lot more code used in Mode 0 then in Mode 
1, most of which is due to the multiple jump state- 
ments that determine 
the current and previous state 


of the HSI pins. In order to save execution time sev- 
eral blocks of code are repeated 
as can be seen in 


listing 
4-10. The first determination 
is that of which 


edge had occurred. 
If a Phase A edge was detected 


the LAST1_T1ME 
and LAST2_T1ME 
variables 
are 


updated so a reference to the pulse frequency will be 
available. These are the same variables 
used under 


Mode 1. A test is also made to see if the edges are 
coming fast enough 
to warrant 
being in Mode 1, if 


they are, the switch is made. If the last edge detected 
was on Phase B, the information 
is used only to de- 


termine direction. 


tapl.tl.e,laat2 
tiMe 
tapl 
,.1 
n 
hail 
- 
check 
__ .i_ti.e 


Pottl,,000000108 
lOCO. 
'000000008 


zero,hai 
ti.e 
10al 
bak~'Oll11111B 
!osl-bak,los1 
iosl-bak,7,.t 
hat 
done-chk 
- 


check 
I1HII)( 
tll1e 
I 


sub 
t",pl,tlllle,laat2 
tillle 
cap 
tlapl,.ax_hsl1 


set 
•. ode 
0: 
andb 
ldb 
ldb 


done 
chk: 


sub 
j be 
add_fwd: 


add 
addc 
b, 


Portl,lllllllOOB 
IOCO.IOIOIOIOIB 
last_stat,ze.ro 


sub 
posltion,delta 
p 
subc 
posltlon+2,zero 
be 
load 
lasts 


position,delta 
p 


poel 
tlon+2,zero 


load~lasts 


Set 
Pl.1 
(in 
Mode 
2) 


Disable 
all 
R5I 
eapty 
the 
hsl 
fl 
fo 
, 
clear 
bit 
7 


In __ ode 
0: 


j b. 
j bs 
j b 9 
j b. 
br 


a_rise: 
ld 
ld 
• ub 
em p 
j h 
;.et 
1I0del- 
orh 
ldb 
t!ltat 
a t r : 
- 
jba 
jb. 
jb. 


CII pb 
j. 
br 


iI_ fall, 
1 d 
ld 
.ub 
emp 
j h 
,set 
••odel- 
orb 
ldb 
tat 
statf: 
- 
j ba 
jb. 
jb. 


CII pb 
j. 
br 


b_rise: 
jbs 
j bg 
jbg 
capb 
j. 
br 


b_falll 
jbs 
j bs 
jb. 
c. pb 
j. 
br 


fIr 
s t 
t 1 me: 
gtb 
br 
1 np _ err: 


br 


change 
di r: 
notb 
no_inc: 
jbc 


goIng 
fwd: 
- 
orb 
ldb 
add 
addc 
br 
gol ng 
rev: 
andb 
ldb 
9 ub 
subc 


hai 
sO,O,a 
rise 
hsl-sO,2,a-fall 
hsi-sO,4,b-riae 
hsl:sO,6,b:fall 
no 
cnt 


last2 
ti.e,laatl 
ti.e 
laatl-tille,ti.e 
tlllle,laat2 
time 
t I IIIe ,IIi 
n 
h a i 
tst 
statt 


last 
stat,6,going 
fwd 
last-stat,4,going-rev 
last-atat,2,chanqe 
dIe 
last-atat,zero 
- 
first 
tiae 
, 
firat 
tiae 
in 
1I0deO 
inp_err 


last2 
time,Iastl 
ti.e 
lastl-tillle,tirne 
tille,last2 
tiae 
tiae,ain 
hat 
tat 
atatt 


last 
stat,C,going 
fwd 
last-.tat,6,going-eev 
last-atat,O,change 
die 
last-stat,zero 
- 


first 
ttme 
J 
first 
tiJl'lein 
",odeO 
inp_err 


last 
stat,O,going 
fwd 
last-stat,2,90ing-rev 
last-atat,6,change 
die 
last-atat,zero 
- 
first 
tille 
, 
first 
tIMe 
in 
aodeO 
inp_err 


last 
stat,2,going 
fwd 
last-stat,O,going-rev 
last-stat,4,change 
dir 
last-stat, 
zero 
- 


first 
tiMe 
first 
tillle in 
ModeO 
inp_err 


PORT2,IOIOOOOOOB 
direct,IOI 
position,IOI 
posi 
tion+2,zero 
at_atat 


PORT2,tIOIIlllIB 
direct,lOO 
posi 
tion,IOI 
posi 
tion+2, 
zero 


After 
mode 
correctness 
is 
confirmed 
and 
the 
LASTx_TlME 
values 
are updated 
the LAST_STAT 
(Last Status) variable is used to determine the current 
direction 
of travel. The POSITION 
value is then up- 
dated 
in the 
direction 
specified 
by the 
last 
two 
edges 
and the status 
is stored. 
Note that the first 
time in Mode 0 after being in Mode 1, the Mode 1 
done_chk 
routine is used to update POSITION, 
in- 
stead of the routines going_fwd 
and going_rev 
from 
the Mode 0 section of code. The completion 
section 
of code is then executed. 


Providing the PWM value to drive the motor is done 
by a routine running under Software Timer 1. The first 
section 
of code, shown 
in Listing 4-11a, 
has to do 
with calculating 
the position and time errors. Listing 
4-11 b shows 
the next 
section 
of code 
where 
the 
power to be supplied to the motor is calculated. 
First 
the direction is checked and if the direction is reverse 
the absolute value of the error is taken. If the error is 
greater than 64K counts, the PWM routine is loaded 
with the maximum value. The next check is made to 


see if the motor is close enough to the desired location 
that the power to it should be reversed, 
(ie. enter the 


Braking mode). If the motor is very close to the po- 
sition or has slowed to the point that is likely to turn 
around, the Hold_Position 
mode is entered. 


The determination 
of which modes are selected under 


what conditions 
was done empirically. 
All of the pa- 


rameters 
used to determine 
the mode are kept in 


RAM so they can be easily changed on the fly instead 
of by re-assembling 
the program. The parameters 
in 


the listing have been selected to make the motor run, 
but have not been optimized 
for speed or stability. A 


diagram of the modes is shown in Figure 4-7. 


In the Hold_Position 
mode power is eased onto the 
motor to lock it into position. 
Since the motor could 
be stopped 
in this mode, 
some 
integral 
control 
is 
needed, as proportional 
control alone does not work 


well when the error is small and the load is large. The 
BOOST variable provides this integral control by in- 
creasing the output a fixed amount every time period 
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Id 
time 
err+2,dea 
ti.e+2 
I 
Calculate 
t~.e 
, 
position 
ertor 


Id 
poa 
err+2,dee 
poa+2 


sub 
tia; 
err,dea 
ti •• ,ti.e 
, 
value. 
are 
eet 
8ubc 
ti.e-err+2,tf.e+2 
sub 
pos 
ere,des 
poa,positlon 
8ubc 
po.=ecr+2,po81tion+2 


J 
II 
II 


; J, 
I J 


If 
I II 


JJI" 
'J;' 
J 


J J" 
I 


Tl •• 
ere 
- 
Desired 
tla. 
to 
tintah 
- 
current 
tla. 
Pos_ere 
- 
Desired 
po.ition 
to 
finiah 
- 
current 
position 


Pos 
delta 
• 
Last 
position 
error 
- 
Curent 
position 
error 


Tiae 
delta· 
Last 
tiae 
error 
- 
Current 
tiae 
error 
note 
that 
ercocs 
should 
get 
SMaller 
so 
deltas 
will 
be 


positive 
for 
forward 
aotion 
(time 
is 
always 
forward) 


go 
backward: 


n.g 
Idb 
cop 
j n. 
br 


go 
forward: 


ldb 
co p 
j e 


Chk_brk: 
cop 
j n h 
cop 
j h 


braki 
nq: 
cop 
jg. 
neg 


chk 
delta: 


cap 
jnh 


brake: 
Idb 
Idb 
notb 
Idb 


pos 
err 
pw.-dir,tOOh 
pos-err+2 
•• 0ffffH 
Id 
.ax 


chk_brk 


pWIlI 
dir,'OIH 
pos-err+2.zero 


chk=brk 


pos 
err,pos 
pnt 
hold 
positlon 
J 
poeition_error<poeition_control_polnt 
pos 
err,brk 
pnt 
Id 
~ax 
- 
J 
poeltion_error>brake_point 


pOB 
delta,zero 
chk-delta 


pos=:delta 


pWlII 
pwr 
,lIlax 
brk 
tlllp-;-di rect 
- 


top 
pw._dlr,tMp 


Hold 
position: 
cap 
j h 
c I r 
clr 
DR 


calc 
out: 


II u 1 ub 
.ulu 
cap 
,ne 
add 
add 
br 
no 
bst: 
clr 


ck=.ax: 
c~p 
jnh 
•• 
xed: 
ld 
output: 
ldb 


Idb 
notb 
j ba 


p2bkwd: 
DI 


andb 
Idb 
EI 
br 
p2fwd: 
Dl 
orb 
Idb 
E! 


pos 
err.t02 


calc 
out 
t. p+ '2 


boost 
output 


t.p, 
•• 
x 
hold,'255 
t.p,poB-err 


pos_delta.zero 


no 
bst 
boost,'04 
tmp+2,boost 


c k 
1ft a)( 
boost 
tlllp+2.lIlax 
hold 
output 
- 


t.p+2,.ax 
hold 
pw._pwr. 
t.P+ 
2 


rpwr,pwm 
pwr 
rpwr 
pWID_di 
r, 
O,p2fwd 


in which the error does not get smaller. Once the error 
does get smaller, 
usually because 
the motor starts 
moving, BOOST is cleared. 


c. p 
j 1t 
1 d 
clr 
get 
vals: 


A sanity check can be performed at this point to dou- 
ble check that the 8096 has proper 
control 
of the 
motor. In the example 
the worst that can happen is 


tl~e 
e~c.2.zero 
r 
do 
pas_table 
when 
err 
is 
negative 


end 
p 
end=p 


nxt 
pos,I(32tp08 
table) 
get-vals 
, 
jump 
if 
lower 
nxt-pos,lpos 
table 
tltlle+2 
- 


Id 
des 
pos, 
(nxt 
poa)+ 
Id 
des-po8+2, 
[nit 
pos)+ 
Id 
des-tillet2, 
(nxl 
poa]t 
Id 
.ax-pvt, 
(nxt 
posIt 
Id 
aax-brk,aax 
pwr 
add 
des-pas,offset 
addc 
des-pos+2,zero 


sub 
last_pos_err,des 
pos,posltlon 


oooooOOOR 
poal 
tion 
0 
o020R, 
008 
OK 
next 
tlae, 
power 
OOOOcOOOH 
position 
1 
0040R, 
0040R 
next 
t iae. 
power 
000000008 
posl 
tion 
2 
00608, 
OOeDR 
next 
till.e, 
pover 
OF,pr80008 
poal 
tion 
) 
o08oH, 
o08oH 
next 
t 1_ e. 
power 


oOo0080oH 
position 
• 
0058R, 
o08oH 
next 
t 1_ e • 
power 
000030008 
poal 
tion 
5 
001oR. 
OOffH 
next 
t 1. e. 
power 
OOOOOOOOH 
posi 
tion 
• 
00 
9 OH , 
OOtOH 
next 
t i. e, 
power 
OOOOOOOOH 
position 
1 
00 
9 1 H , 
DOtOH 
ne 
x t 
t i. e, 
power 


6-50 


the prototype will need to be reset, so the sanity check 
was not used. 
If one were desired, 
it could be as 
simple as checking 
a hardware 
generated 
direction 
indicator, or as complex as checking motor condition 
and other environmental 
factors. 


After all checks have been made, the power value is 
loaded to the RPWR register using a software inver- 
sion to compensate 
for the hardware 
inversion. 
Di- 


rection is determined 
next and the power and direc- 


tion 
are 
changed 
in adjacent 
instructions 
with 


interrupts disabled to prevent changing power without 
direction and vice versa. 


To exercise the program logic the desired position is 
changed based on the time value using the code and 


The remaining sections of the program are relatively 
simple, but worth discussing 
briefly. The initialization 
routine initializes the I/O features and places several 
variables 
from ROM into RAM. Having these varia- 


bles in RAM makes it easier to tweak the algorithm. 
Timer1 is expanded into a 32-bit timer by the interrupt 
routine shown in Listing 4-13. 


Software 
timer overhead 
is handled 
by the routine 
shown 
in Listing 4-14. 
In this routine the status of 
each timer bit is checked in a shadow register. If any 
of the timers have expired the appropriate 
routine is 
called. 


J 
I" 
II 
J 
" 
IJ 
JIIII 
IJ 
II 
I1J 
1111 
JIIII 
II 
II 
"J"" 
II 
I' 
II' 
II"" 
Ii 
J' 
11" 
J 
',1,', 
III 
IJ 
J 
,,,,,, 
TIMER 
INTERRUPT 
SERVICE 
"",',1," 
",,, 
J' 
J", 
I' 
,:,J 
'" 
J ',1 
J;" 
"II 
'" 
,",,, 
1JiJl1"" 
11 
III 
"'1"" 
II 
"',JII 
II" 


o<b 


chk_tl: 
jbc 
Ine 
andb 
tmr_lnt_~g~f: 


<et 


1081 
bak,JOSl 


ioel-bak,5,tar 
lnt_done 
tiae+2 
iOBl_bak,'11011111B 
J 
clear 
bit 
5 


,J, 
I' 
I' 
III 
II 
II 
"I 
II 
II' 
J I """, 
,",; 
II 
",,,, 
"1" 
,";,, 
111,' 
I J" 
II 
,",; 
I' 
J 
J I J 
J 
SOFTWARE 
TIMER 
INTERRUPT 
SERVICE 
ROUTINE 
,,; 
11,; 
J 
J 


J 
"I 
J 
I J' 
11111,'. 
II" 
11111 
'J 
II 
II 
I II 
II 
II 
" 
II 
I 
J 
II 
II 
11 " 
J I III 
"II 
'JI 
II 
",, 
11; 


80ft 
tar 
lntl 


pushf 
o<b 
chk 
8WtO: 


- 
j be 
andb 


thk 
8"'tl~all 


- 
j be 
andb 


ehk 
awt2~all 


j be 
~~H 
ehk 
awt): 
j be 
andb 
call 


awt 
lnt 
done: 
popt 
<et 


1081 
bak,O,chk 
awtl 
10al-bak,111111110B 
J 
Clear 
bit 
0 
- 
end 
swtO 
swtO=explred 
loal 
bak,l,ehk 
awt2 


10sl-bak,lllllIlOlB 
, 
Clear 
bit 
1 
awtl:explred 


10al 
bak,2,ehk 
awt] 
~~f~~~:~{'~AIIlol18 
, Clear 
bit 
2 


1081 
bak,4,awt 
Int 
done 
10al-bak,IIIIIOllli 
J 
Clear 
bit] 


awt3:explred 


;", 
,;;;;; 
1,;, 
I I I ,;;; 
II 
Ii;; 
I; 
I;; 
I;;' 
I;;; 
I I I I II 
i' 
,; 
,; 
i;i 
1; 
I III 
I I' 
IJ 
IJJ;" 
I J I I 


,;;;,1 
SOFTWA.RE 
T1MER 
ROUT1NE 
2 
;lill;;"I, 


,; 
I I III 
J'; 
I;';)' 
II); 
I II 
I' 
1'" 
II 
'" 
I; 
I; 
I' 
I; 
I J I I ,; 
I " 
I' 
Ii' 
I";;; 
I; 
'" 
IJ 
,; 
,; 
I; 
Ii 


awt2 
expil:ed: 
pus 
h f 
ldb 
add 


portl,lOOOOOIOOB 
out 
ptl:,t7ffH 
puIslng 


out_ptl:,tlfOH 


8wt2 
done: 
- 
sub 
cap 
jnh 


add 
swt2 
ret: 


andb 
popf 
'" t 


t.pl,ti.erl,lastl 
tl.e 
t.pl,'lBOOH 
- 


swt2_ret 
, 
keep 
(time_la8t4_tl~e)<7000H 


The last routine, shown in Listing 4-15, is the Software 
Timer 2 routine which outputs some variables to ex- 
ternal RAM. It also keeps LAST1_ Time within 1800H 
of Timerl 
to prevent overflows 
from occurring 
when 
the Mode 0 and Mode 1 software check this variable. 


A complete 
listing of the program as it is used in our 
lab can be found in Appendix 
D. For a given motor 
or encoder 
it will probably 
be necessary 
to change 
some of the time constants 
on the first page of the 


listing. With the motor used in our experimentation, 
pulses are missed from time to time when direction 
changes quickly. If the motor were not as fast to turn 
around 
or the encoder 
were 
mounted 
better these 
problems should disappear. The missing pulses occur 
when switching 
from Mode 1 to Mode 0, other than 
that no anomalies 
were found in the lab. 


Prior to the version of code just discussed, 
several 
attempts 
were made, 
one of which 
could be used 
under certain 
constraints. 
It is possible 
to use only 
modes 2 and 0 to monitor the encoder, provided the 


encoder 
always operates 
smoothly 
and provides 
at 


least 
200 
microseconds 
between 
the 
last several 
edges of Phase A before reversing. 
This idea was 
originally 
tried because 
the motor was not charac- 
terized thoroughly 
at first, and caused problems 
be- 
cause of the motors tendency to stop suddenly when 
its speed was low. 


If an encoder 
has a lower line count and therefore 
more time between output pulses the two mode so- 
lution can be used. The software 
for the two mode 
version can be easily extracted form the three mode 
version, so it will not be presented. 


The diagram in Figure 5-1 illustrates how to connect 
an 8096 in a minimum 
configuration 
system. 
Either 


2764s or 27128s 
can be used in the system. 
Note 
that the lower EPROM contains the even bytes while 


+5V 


35 
CLKDUT 
13 
ADV 


BHE 
37 
NMI 


WA 
38 


AD " 
AD 
+5V 
,. 


ALE 
ALE 


TEST 
INST 
15 


EA 


"015 " 


A014 
32 


54 
VPD 
A013 
31 


+5V 
9 
.•.012 
30 
Vee 
'" 
RESeT 
A011 
21 
-L 
.01 
A010 
27 
l" 


I. 
A09 " 
lN4148 
". 
Vss 
AOO 
" 
Vss 


.2 
RESET 
25 
.3 
AD7 " 


EXTIHT 
A06 
22,.F 
,. 
23 
T2ClK 
AD5 
22 
36 
AD. 
21 
-= 
T2RST 
8096 
AD3 
3. 
20 
PWM 
AD2 
" 
50 
ADI 
11 
7XD 
AOO 
AOO- 
., 
AXD 


.•.015 


AeHO 


P1.0 
59 
ACHl 


Pl.1 
51 
ACH2 


P1.2 
57 
ACH3 


.7 
P1.3 
56 
Ae", 


50 
Pl .• 
55 
AeHS 


Pl.5 .. 
Ae", 


Vee 
+5V 
47 
ACH7 
P1.6 


Pl.7 •• 


.5 
HSO.O •• 
VREF 


.9 
HSO.l 
ANGHO 
.. 
HSO.2 


43 
VBB 
Vss 


" 


the upper one contains 
the odd bytes, and the ad- 
dressing 
is not fUlly decoded. 
This means that the 
addressing 
on a 2764 will be such that the lower 4K 
of each 
EPROM 
is mapped 
at OOOOHand 4000H 


while the upper 4K is mapped 
at 2000H. 
If the pro- 
gram being loaded is 16 Kbytes long the first half is 
loaded 
into the second 
half of the 2764s 
and vice 
versa. A similar situation 
exists when using 27128s. 


" 
a 
vccJ 
L 


1 
oc 
paM 
vcc 
28 


* 


A015 
11 
08 !!...- 
MA14 
26 
A" 
07 ,. 
04015 


D8 
Ao14 
17 
07 
Q7 
16 
••A'4 
M""3 
2 


A" 
•• 


11 
.1.01. 


AD" 
" 
06 
06 " 


MA13 
••.•.'2 
23 
A" 
OS 
17 
A013 


.••012 
" 
a, " 
11.,2 
•• All 
" 
A" 
•• •• 
.012 


OS 
A011 
, 
a. • 
"A" 
M.'0 
" 
A. 
03 " 


AD11 


D< 
4010 
7 
03 , 
"A'O 
MA. 
25 
A' 
02 " 


A010 


03 
AOO 
. 
a, 
S 
MA. 
MA' 
3 


A7 
" 


AD. 
02 
01 


AD' 
3 
a, 
2 
MA' 
MA7 
• 
A' 
" 


AD' 


~ 


01 
MA' 
, 
DO 
20 


GND 
74LS373 
A' 
CE~ 
MA' 
, 


A' 


MA' 
7 
OE t--- 
-=- 


MA3 
, A3 


MA2 
, A2 


MA' 
" 


A' 


VPP~ 


AO 


Vpp 
2764 


~ 


aND 
27128 


RD 


vcc 


VLpaM 
L!7 


ALE 
" 
vccJ 
vcc~ 
G 
, 
oc 
07'9 


* 


AD7 
11 
D8 
0' ,. 
MA7 
MA14 
26 
""3 
•• 
11 
AOO 


AOO 
17 
07 
07 •• 
MA' 
"A13 
2 
A" 
05 
17 
ADS 


AOS 
" 
06 
DO " 


MA' 
".'2 
23 
A" 
.. •• 
AD< 


AD< 
" 
OS 
OS " 


MA. 
"All 
" 
A" 
03 " 


AD3 


AD3 
, 
D< 
a. • 
MA3 
•• A,O 
" 
A. 
02 " 


AD2 


AD2 
7 


03 
a3 , 
MA2 
MA. 
25 
AS 
01 " 


AD' 


AD' 
. 
02 
a2 , 
MAl 
MA' 
3 
A7 
DO " 


AOO 


AOO 
3 
0' 
2 
MAO 
MA7 
· 
A' 
CE~~ 
a1 
, 
~ 


74LS373 
MA' 
A' 
OE 2!- 
-= 
aND 
MA' 
, 


MA' 
7 .. 


MA3 
, A3 


AD 
'" 
AODRESS 
OArA 
MA2 
• 


A2 


iliA 
'" 
MEMORY 
ADDRESS 
MAl 
" 


A1 


Vpp~ 


AO 


Vpp 
2764 


~ 


aND 
27128 


"'00-A015 


This circuit will allow most of the software presented 
in this ap-note to be run. In a system 
designed 
for 
prototyping in the lab it may be desirable to buffer the 
I/O ports to reduce the risk of burning out the chip 
during 
experimentation. 
One may also want to en- 
hance the system by providing 
RC filters on the A to 
D inputs, a precision 
VREF power supply, and ad- 
ditional RAM. 


If it is desired to fully emulate a 8396 then I/O ports 
3 and 4 must be reconstructed. 
It is easiest to do this 


if the usage of the lines can be restricted to inputs or 
outputs on a port by port rather than line by line basis. 
The 
ports 
are 
reconstructed 
by using 
standard 


memory-mapped 
I/O techniques, 
(ie. address decod- 
ers and Ia,tches), at the appropriate 
addresses. 
If no 
external 
RAM is being used in the system then the 


address 
decoding 
can be partial, 
resulting 
in less 


complex 
logic. 


The reconstructed 
I/O ports will work with the same 
code as the on chip ports. The only difference will be 
the propagation 
delay in the external circuitry. 


An overview 
of the MCS-96 
family 
has been pre- 
sented along with several simple examples and a few 
more complex ones. The source code for all of these 
programs 
are available 
in the Insite Users Library 
using order code AE-16. Additional information on the 
8096 can be found in the Microcontroller 
Users Man- 
ual, and it is recommended 
that this book be in your 
possession 
before 
attempting 
any 
work 
with 
the 
MCS-96 family of products. Your local Intel sales of- 
fice can assist you in getting more information 
on the 
8096 
and its hardware 
and software 
development 


tools. 


1. MCS-96 Users Manual (1984), Intel Corporation, 


1983. 
Order number 230883-001 


2. MCS-96 
Macro 
Assembler 
User's 
Guide, 
Intel 
Corporation, 
1983. 


Order number 122048-001 


3. Microcontroller 
Handbook 
(1985), 
Intel Corpora- 
tion, 1984. 
Order number 210918-002 


4. MCS-96 Utilities User's Guide, Intel Corporation, 


1983. 
Order number 122049-001 


5. PUM-96 
User's Guide, Intel Corporation, 
1983. 


Order number 122134-001 


SOURCE 
FILE: 
:F3' INTERI A96 
OBJECT 
FILE. 
'F3:INTER1.0BJ 


CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


0022 


C1len 
0022 
(Xl 
0024 
0026 
0028 
0028 
002A 
002C 
002E 
0030 


2080 


2080 AI000118 


2084 B0221C 
2087 
18031C 
208A 71FEIC 


2080 ACICIC 
2090 A31D002124 


LINE 
1 
2 
3 
4 


=1 
5 


=1 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 


APPENDIX A 
BASIC SOFTWARE EXAMPLES 


SOURCE 
STATEMENT 


$TITLE( 'INTER!.A96: 
Interpolation 
rout.ne 
1') 


i;;;,; 
j 
8096 
Assembly 
code 
for 
table 
lookup 
and 
interpolation 


$INCLUDE(: FO:DEM096. INC) 
Include 
demo 
definitions 
$nolist 
Turn 
listing 
off for 
include 
file 
End 
of include 
file 


IN_VAL: 
TABLE_LOW: 
TABLE_HIGH: 
IN_DIF: 
IN_DIFB 
TAll_DIF: 
OUT: 
RESULT: 
OUT _DIF: 


LDll 
SHRll 
ANDll 


AL. 
IN_VAL 


AL, 
113 
AL. 1I11111110B 


1 
; Actual 
Input Value 
1 
1 
1 
Upper 
Input 
- Lower 
Input 
IN_DIF 
:byte 
1 
; Upper 
Output 
- Lower 
Output 
1 
1 
1 
; Delta 
Out 


i 
Load 
temp with 
Actual 
Value 


i 
Divide 
the byte by 8 
Insure AL 
is a word 
address 
This 
effectively 
divides 
AL by 2 
so AL 
= IN_VAL/16 


LDBZE 
AX. AL 
; Load 
byte AL to word 
AX 
LD 
TABLE_LOW. 
TABLE 
(AX] 
; TABLE_LOW 
is loaded with 
the value 
in the table 
at table 
location 
AX 


209A 
4824262A 


209E 
510F2228 


20A2 AC2828 


20A5 FE4C2A2830 


20AA OE0430 


20AD 
4424302C 


20111 OA042C 
20114 A4002C 


C1l 
20B7 
C02E2C 


<J, 
CD 
20llA 27C8 


2100 


2100 000000200034004C 
2108 005D006A00720078 
2110 00711007000760060 
2118 00500041100340022 
2120 0010 


2122 


82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
9:5 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
cseg 
III 
112 
table: 


113 
114 
115 
116 
117 
118 
END 


LD 
TAIlLE_HIGH. <TAIlLE+2)[AX] 
i 
TAIlLE_HIGH is loaded with 
the 


i 
value 
in the table 
at table 
location 
AX+2 
(The 
n •• t 
v~lu. 
in 
the 
t~bl.) 


SHRAL 
OUT_OIF. 
114 


ADO 
OUT. OUT-DIF. TABLE_LOW 


SHRA 
OUT. 
114 
ADDC 
OUT. 
zero 


no 
inc· 
ST 
OUT. RESULT 


IlR 
look 


IN_OIFIl=least significant 
4 bits 
of IN_VAL 
Load 
byte 
IN_DIFIl to word 
IN_DIF 


Output_difference 
= 
Input_difference*Table_difference 
Divide 
by 
16 (2**4) 


Add 
output 
dlfference 
to output 
generated 
with 
truncated 
IN_VAL 
as 
input 
Round 
to 
12-bit 
answer 
Round 
up 
if Carry 
= 


OCW 
OOOOH. 
2000H. 
3400H. 
4COOH 
, A random 
function 
OCW 
5000H. 6AOOH. 
7200H. 
7800H 
DCW 
7BOOH. 
7000H. 
7600H. 
6DOOH 
DCW 
:5DOOH. 4BOOH. 
3400H. 
2200H 
DCW 
1000H 


SOURCE 
FILE: 
F3: INTER2. A96 
OBJECT 
FILE: 
F3 
INTER2. OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND 
NOSB 


0024 


0024 
0026 
Ol 
0028 
a, 
0 
002A 
002A 
002C 
002E 
0030 


2080 


2080 AI000118 


2084 
B0241C 
2087 
18031C 
208A 
71FEIC 


2080 
ACICIC 


2090 A310002126 


2095 
A31D222128 


LINE 
1 
2 
3 
4 
5 
6 
=1 
7 
=1 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


8096 
Assembly 
code for 
table 
lookup and 
interpolation 
Using 
tabled values 
in place 
of division 


$INCLUOEC 
FO:OEM096. INC) ; Include 
demo 
definitions 
$nolist 
Turn 
listing 
off 
for 
include 
file 
End of include 
file 


IN_VAL: 
TABLE_LOW: 
TABLE_INC: 
IN_OIF: 
IN_OIFB 
OUT: 
RESULT: 
OUT _OIF: 


; Actual 
Input Value 
Table 
value 
for 
function 
Incremental 
change 
in function 
; Upper 
Input - Lower 
Input 


1 
1 
1 
1 
IN_OIF 
1 
1 
1 


LOB 
SHRB 
ANDB 


AL. 
IN_VAL 
i 
Load 
temp with 
Actual 
Value 
AL. *3 
Divide 
the byte 
by 8 
AL. *11111110B 
; Insure AL 
is a word 
address 
This 
effectively 
divides 
AL 
by 2 
so AL = IN_VAL/16 
AX. AL 
; Load 
byte AL 
to word 
AX 


LD 
TABLE 
INC. INC_TABLE[AXJ 
i 
TABLE_INC 
is loaded with 
the value 
in the 
increment 
table 
at 
location 
AX+2 


209A 
510F242A 
87 
ANOB 
IN_OIFB. 
IN_VAL. 
ttoFH 
IN_OIFB=least 
significant 
4 bits 
cf 
88 
of IN_VAL 
209E AC2A2A 
89 
LOBZE 
IN_OIF. 
IN_OIFB 
Load 
byte 
IN_OIFB 
to 
word 
IN_OIF 
90 
20Al FE4C282A30 
91 
MUL 
OUT_OIF. 
IN_OIF, 
TABLE 
INC 
@ 


92 
Output_difference 
93 
Input_difference*Incremental_change 
94 
20A6 4426302C 
95 
ADD 
OUT. OUT_OIF. 
TABLE_LOW 
Add 
output 
difference 
to output 
96 
generated 
with 
truncated 
IN_VAL 
97 
as 
input 
20AA 08042C 
98 
SHR 
OUT. 
#4 
; 
Round 
to 12-bit 
answer 
20AO A4002C 
99 
AODC 
OUT, 
zero 
Roung 
up If Carry 
= 
100 
20BO C02E2C 
101 
no 
inc. 
ST 
OUT, RESULT 
Store 
OUT 
to RESULT 
20B3 27CF 
102 
BR 
look 
Branch 
to "look 
" 
103 
104 
2100 
105 
C seg 
AT 2100H 
106 
2100 
107 
val-table. 


2100 000000200034004C 
108 
DCW 
OOOOH, 
2000H. 
3400H, 
4COOH 
; 
A random 
function 
2108 005D006A00720078 
109 
DCW 
5DOOH. 
6AOOH. 
7200H, 
7800H 
2110 007B007000760060 
110 
OCW 
7BOOH. 
7000H. 
7600H, 
6000H 
i: 
Ol 
2118 0050004B00340022 
111 
OCW 
5000H. 
4BOOH. 
3400H. 
2200H 
(') 
~ 
en 
2120 0010 
112 
OCW 
1000H 
@J 


2122 
113 
inc 
tab Ie: 


I 
- 
CD 
2122 0002400180011001 
114 
OCW 
0200H, 
0140H, 
0180H, 
0110H 
Table 
of 
incremental 
01 


212A 
DOO0800060003000 
115 
OCW 
OOOOH, 
0080H. 
0060H. 
0030H 
; 
differences 
2132 200090FF70FFOOFF 
116 
OCW 
00020H, 
OFF90H. 
OFF70H, 
OFFOOH 
213A EOFE90FEEOFEEOFE 
117 
OCW 
OFEEOH. 
OFE90H. 
OFEEOH. 
OFEEOH 
118 
2142 
119 
END 


SERIES-III 
PL/M-96 
VI.0 COMPILATION 
OF MODULE 
PLMEX 


OBJECT 
MODULE 
PLACED 
IN :F3:PLMEXI. OBJ 
COMPILER 
INVOKED BY: 
PLM96.86 
:F3:PLMEXI. P96 CODE 


DECLARE 
IN_VAL 
DECLARE 
TABLE_LOW 
DECLARE 
TABLE_HIGH 
DECLARE 
TABLE_DIF 
DECLARE 
OUT 
DECLARE 
RESULT 
DECLARE 
OUT_DIF 
DECLARE 
TEMP 


DECLARE 
TABLElI7) 
OOOOH, 
2000H. 
5DOOH, 6AOOH. 
7BOOH, 
7DOOH. 


5DOOH. 
4BOOH, 


IOOOH), 


WORD 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
INTEGER 
LONGINT 
WORD 


PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 
PUBLIC, 


INTEGER 
DATA 
3400H. 
4COOH. 
7200H, 
7800H. 
7600H, 
6DOOH. 
3400H, 
2200H. 


DMPY: 
PROCEDURE 
lA.Bl LONGINT 
EXTERNAL; 


DECLARE 
CA.B) 
INTEGER, 


END DMPY, 


LOOP. 


TEMP=SHRCIN_VAL,4), 


TABLE_LOW=TABLElTEMPl, 
TABLE_HIGH=TABLElTEMP+Il' 
1* 
If "TEMP" was replaced 
by "SHRCIN_VAL.4)" 
*1 
1* The code would 
work 
but 
the 8096 
would 
*1 


1* do two 
shifts 
*1 


OUT=SAR lCTABLE_LOW+OUT _DIF l.4), 
1* SAR 
performs 
an ar Ithmet Ic right 
shIft. 
In this case 4 places 
are 
shifted 
*1 


IF CARRY=O 
THEN RESULT=OUTi 
1* Using 
the hardware 
flags must 
be done 
*1 


ELSE 
RESULT=OUT+li 
1* with 
care to ensure 
the flag 
is tested 
*1 


1* 
in 
the 
desired 
instruction 
sequence 
*1 


PL/M-96 
COMPILER 
Pl.MEXI 
PLM-96 
E,ample 
Code 
for 
fable Lookup 
ASSEMBLY 
LISTING 
OF OBJECT 
CODE 


STATEMENT 
14 
0022 
PLMEX. 


0022 
AIOOOOl8 
R 
LD 
SP.lISTACK 
0026 
LOOP: 


0026 
AOOOIO 
R 
LD 
TEMP. IN_VAL 
0029 
080410 
R 
SHR 
TEMP,1I4H 
STATEMENT 
15 
002C 
441010lC 
R 
ADD 
TMPO, TEMP. TEMP 
i: 
0> 
0030 
A31DOOOO02 
R 
LD 
TABLE_LOW.TABLECTMPOJ 
0 
m 
en 
(,) 
STATEMENT 
16 
@ 


0035 
A31D020004 
R 
LD 
TABLE_HIGH,TABLE+2HCTMPOJ 
I(Q 
STATEMENT 
17 
Q) 


003A 
48020406 
R 
SUB 
TABLE_DIF,TABLE_HIGH.TABLE 
_LOW 
STATEMENT 
18 
003E 
C806 
R 
PUSH 
TABLE_DIF 
0040 
410FOOOOIC 
R 
AND 
TMPO.IN_VAL,1I0FH 
0045 
C81C 
PUSH 
TMPO 
0047 
EFOOOO 
E 
CALL 
DMPY 
004A 
OE041C 
SHRAL 
TMPO.1I4H 
0040 
AOIEOE 
R 
LD 
OUT_DIF+2H,TMP2 
0050 
AOICOC 
R 
LD 
OUT_DIF,TMPO 
STATEMENT 
19 
0053 
A00220 
R 
LD 
TMP4, TABLE_LOW 
0056 
0620 
EXT 
TMP4 
0058 
641C20 
ADD 
TMP4,TMPO 
005B 
A41E22 
ADOC 
TMP6,TMP2 
005E 
OE0420 
SHRAL 
TMP4,1I4H 
0061 
A02008 
R 
LO 
OUT.TMP4 
STATEMENT 
20 
0064 
BIFFIC 
LOB 
TMPO.1I0FFH 
0067 
OB02 
BC 
@0003 
0069 
IIIC 
CLRB 
TMPO 
006B 
@0003: 


006B 
981COO 
CMPB 
RO,TMPO 
006E 
D705 
BNE 
@OOOI 
STATEMENT 
21 
0070 
A0200A 
R 
LD 
RESULT,TMP4 
0073 
2005 
BR 
@0002 
STATEMENT 
22 
0075 
@0001: 
0075 
A0080A 
R 
LD 
RESULT,OUT 
0078 
070A 
R 
INC 
RESULT 
STATEMENT 
23 
007A 
@0002: 


007A 
27AA 
BR 
LOOP 
STATEMENT 
24 
END 


CODE AREA 
SIZE 
CONSTANT 
AREA 
SIZE 
DATA AREA 
SIZE 
STATIC 
REGS 
AREA SIZE 


005AH 
0022H 
OOOOH 
0012H 


PU1£Xl 
PLM-96 
E,,,,npleCode 
for T"ble 
Lookup 
ASSEMBLY 
LISTING 
OF OBJECT 
CODE 


OVERLAYABLE 
REGS 
AREA SIZE 
MAXIMUM 
STACK 
SIZE 
48 LINES 
READ 


SOURCE 
FILE .. F3:MULT 
A96 
OBJECT 
FILE 
F3.MULT 
OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND. 
NOSB 


0000 CC04 
0002 CCOO 


OJ 
0004 FE6EI900 
Ol 
01 
0008 E304 
OOOA 


ASSEMBLY 
COMPLETED, 


LINE 
SOURCE 
STATEMENT 
I 
$TITLE( 'MULT APT: 
16*16 multlply 
procedure 
for PLM-96' ) 
2 
3 
4 
SP 
EQU 
18H:word 
5 
6 
rseg 
7 
EXTRN 
PLMREG 
:long 
8 
9 
cseg 
10 
II 
PUBLIC 
DMPY 
Multlply 
two 
integers 
and 
return 
a 
12 
longint 
result 
in AX, 
DX 
registers 
13 
E 
14 
DMPY: 
POP 
PLMREG+4 
, 
Load 
return 
address 
E 
IS 
POP 
PLMREG 
; 
Load 
one 
operand 
E 
16 
MUL 
PLMREG, [SP)+ 
Load 
second 
operand 
and 
increment 
SP 
17 
E 
18 
BR 
(PLMREG+4) 
; 
Return 
to PLM 
code. 


19 
END 


SERIES-III 
MCS-96 
RELOCATOR 
AND LINKER. 
V2.0 
CopyrIght 
1983 Intel CorporatIon 
l 


@ 
INPUT FILES: 
:F3:PLMEX1. OIlJ•. F3:MUl.T.OIlJ. PLM96. LIIl 
OUTPUT 
FILE: 
:F3:PLMOUT. OIlJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 


ROM(2080H-3FFFH) 


INPUT MODULES 
INCLUDED: 
·F3:P~MEXI. OIlJ(PLMEX) 
12/25/84 


·F3:MULT 
OBJ(MULT) 
12/25/84 
PLM96.LIB(PLMREG) 
11/02/83 


SEGMENT 
MAP FOR 
:F3:PLMOUT.OIlJ(PLMEX): 


TYPE 
BASE 
LENGTH 
ALIGNMENT 
MODULE 
NAME 
--------- 
----------- 


**RESERVED* 
OOOOH 
001AH 
*** GAP *** 
001AH 
0002H 
REG 
001CH 
0008H 
ABSOLUTE 
PLMREG 
~ 
REG 
0024H 
0012H 
WORD 
PLMEX 
(') 
a> 
STACK 
0036H 
0OO6H 
WORD 
CJ) 
en 
*** GAP *** 
003CH 
2044H 
~ 
a> 
CODE 
2080H 
0003H 
ABSOLUTE 
PLMEX 
<Q 
Q) 
*** 
GAP *** 
2083H 
0001H 
CODE 
2084H 
007CH 
WORD 
PLMEX 
CODE 
2100H 
OOOAH 
BYTE 
MULT 
*** 
GAP *** 
210AH 
DEF6H 


SYMBOL 
TABLE 
FOR 
:F3:PLMOUT.OBJ(PLMEX). 
_. 


ATTRIBUTES 
VALUE 
NAME 
l 
---------- 
----- 
---- 
, 
: 
@l 


PUBLICS: 


REG 
WORD 
0024H 
IN_VAL 
REG 
INTEGER 
0026H 
TABLE_LOW 
REG 
INTEGER 
002BH 
TABLE_HIGH 
REG 
INTEGER 
002AH 
TABLE_DIF 
REG 
INTEGER 
002CH 
OUT 
REG 
INTEGER 
002EH 
RESULT 
REG 
LONGINT 
0030H 
OUT_DIF 
REG 
WORD 
0034H 
TEMP 
CODE 
ENTRY 
2l00H 
DMPY 
- 


REG 
LONG 
OOlCH 
PLMREG 
NULL 
NULL 
003CH 
MEMORY 
NULL 
NULL 
lFC4H 
?MEMORY _SIZE 


MODULE: 
PLMEX 


MODULE: 
MULT 


MODULE: 
PLMREG 
i: 
Cf' 
0 


(J) 
tJ) 


--J 
~ 
RL96 
COMPLETED. 
o WARNINGlSl, 
o ERROR(Sl 
:i 


SOURCE 
FILE: 
:F3:PULSE. A96 
OBJECT 
FILE: 
:F3:PULSE.OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


LINE 
1 
2 
3 
~1 
4 
~1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
6:) 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0028 


0028 
002A 
002C 
002E 
0030 


0>a, 
(Xl 
2080 


2080 
AI000118 
2084 
BI0115 
2087 
BI0F03 


208A 
442A282C 
208E 
3E1603 
2091 
3716F6 


2094 
B0061C 


2097 
A00420 


209A 
391C09 


209D C03020 
20AO 
482E3028 


20A4 
27E4 


20A6 
C02E20 


SOURCE 
STATEMENT 
STITLE! 'PULSE.A96: 
M@asuring 
puls@s 
using 
th@ HSI 
unit') 


UNCLUDE<DEM096.INC) 
Snolist 
Turn 
listing 
off for 
includ@ 
fil@ 
End 
of includ@ 
fil@ 


HIGH_TIME: 
dsw 
LOW_TIME: 
dsw 
PERIOD: 
dsw 
HI_EDGE: 
dsw 
LO_EDGE: 
dsw 


LD 
LDB 
LDB 


wai t: 
ADD 
JBS 
JBC 


contin: 
LDB 


LD 


JBS 


hsi-10: 
ST 
SUB 
BR 


hsi-hi: ST 


SP. 
IBOOH 
lOCO. *000000018 
HSI_MODE. 
*00001111B 
; Enabh 
HSI 
0 
HSI 0 
look for @ith@r 
@dg@ 


PERIOD. 
HIGH_TIME. 
LOW_TIME 
1051. 6. contin 
; If FIFO 
is full 
1051. 7. wait 
,Wait 
whil@ 
no puls@ 
is @nt@r@d 


, Load 
status, 
Not@ 
that 
r@ading 
HSI_TIME 
cl@ars 
HSI_STATUS 


BX. LO_EDGE 
HIGH_TIME. 
LO_EDGE. 
HI_EDGE 
wait 


20A9 4B302E2A 
BB 
SUB 
LOW_TIME. 
HI_EDGE. 
LO_EDGE 
_. 


20AD 27DB 
89 
BR 
wait 
l 


90 
20AF 
91 
END 


@J 


ASSEMBLY 
COMPLETED. 
NO ERROR(S) 
FOUND. 


SOURCE 
FILE: 
F3:ENHSI. A96 
OBJECT 
FILE: 
:F3.ENHSI 
OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


LINE 
I 
2 
3 
=1 
4 
=1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8~ 
86 
87 


0028 


0028 
002A 
002C 
002E 
002F 
0030 
0) 
0032 
.:., 
0034 
0 
0036 


2080 


2080 
AIOOOl18 


2084 
BI2516 


2087 
BI9903 
208A 
BI0715 


$INCLUDE <DEM096. INC) 
$nolist 
Turn 
listing 
off for 
include 
f.le 
End 
of. include 
file 


TIME: 
DSW 
LAST RISE: 
DSW 
LAST _FALL: 
DSW 
HSI_SO: 
DSB 
IOSI_BAK: 
DSB 
PERIOD: 
DSW 
LOW_TIME: 
DSW 
HIGH_TIME: 
DSW 
COUNT: 
DSW 


cseg 
at 


init: 
LD 


LOB 


LOB 
LOB 


IOCl,IIOOIOOIOIB; 
Disable 
HSO. 4.HSO. 5. HSI_INT=first. 
; Enable 
PWM.TXD.TIMERI_OVRFLOW 
INT 


set hsi. 1 -; hsi.0 + 
Enable 
hsi 0,1 
; T2 CLOCK=T2CLK. 
T2RST=T2RST 
Clear 
timer2 


IOSI_BAK.IIOIIIIIIIB 
IOSI_BAK. 1051 


i 
Clear 
IOSI_BAK.7 
i 
Store 
into temp 
to avoid 
clearing 
i 
other 
flags 
which 
may 
be needed 
i 
If hsi 
is not 
triggered 
then 
Jump to wait 


ANDB 
HSI SO,HSI_STATUS.IIOIOIOIOIB 
LD 
TIME. 
HSI_TIME 


2090 
382E05 
88 
JBS 
HSI_SO,O.a_rise 
_. 


20AO 
3A2EOF 
89 
JBS 
HSI_SO, 
2. a_fall 
l 
20A3 
201A 
90 
BR 
no_cnt 
91 
20A5 
482C2832 
92 
a_rise: 
SUIl 
LOW_TIME. 
TIME, 
LAST_FALL 
@l 


20A9 
482A2830 
93 
SUIl 
PER 100. 
TI ME, LAST _R ISE 
20AO 
A0282A 
94 
LO 
LAST _R ISE. 
TIME 
20110 2001l 
95 
BR 
increment 
96 
20112 482A2834 
97 
a_fall: 
SUB 
HIGH_TIME, 
TIME. 
LAST_RISE 
20116 482C2830 
98 
SUIl 
PERIOD. 
TIME. LAST_FALL 
20llA A0282C 
99 
LO 
LAST fALL. 
TII1E 
100 
20110 
101 
increment: 


20110 0736 
102 
INC 
COUNT 
20llF 27CC 
103 
no_cot. 
IlR 
wait 
104 
20Cl 
105 
END 


ASSEMBLY 
COMPLETED, 
NO 
ERROR(S) 
FOUND. 


31: 


Cfl 
0 


j 
en 


@ 
I 
CD 
0) 


SOURCE 
FILE. 
·F3.HSODRV. A96 
OBJECT 
FILE' 
'F3:HSODRV 
OBJ 


CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


(J) 
0028 
~ 
I\) 


0028 
002A 
002C 
002E 
0030 


2080 


2080 
FA 


2081 
AI000118 
2085 
510F1500 
2089 
950FOO 


208C 
208C 
AI000122 


2090 AI00I0IC 
2094 48221C20 
2098 
A0221C 


LINE 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
;1 
12 


;1 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
E 
78 
E 
79 
80 
81 
82 
83 
84 
85 
86 
87 


PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 


HSO_ON_O 
HSO_oFF_O 
HSO_ON_l 
HSO_oFF_l 
HSO TIME 
HSo_COMMAND 
SP , TIMERI 
, IoSO 


$INCLUDE <DEM096. INC) 
Snolist 
Turn 
listing 
off for 
include 
file 
End 
of include 
file 


HSO_ON_O: 
dsw 
HSO_OFF_O: 
dsw 
HSO_ON_l: 
dsw 
HSO_OFF _1 : 
dsw 
count: 
dsb 


DI 
LD 
ANDB 
XORB 


SP, lII00H 
OLD_STAT, 
1050. lIOFH 
OLD_STAT, 
lIOFH 


AX. 
1I1000H 


BX. AX. CX 
AX, CX 


2098 C02BIC 
BB 
ST 
AX. HSO_ON_O 
_. 


209E C02A20 
B9 
ST 
ax. 
HSO_OFF_O 
l 
90 
20Al 08011C 
91 
SHR 
AX••1 
20A4 080120 
92 
SHR 
BX••1 
@> 


20A7 C02CIC 
93 
ST 
AX. HSO_ON 
1 
20AA C02E20 
94 
ST 
BX. HSO_OFF _1 
95 
20AD EFOOOO 
E 
96 
CALL 
wait 
97 
2080 0722 
9B 
INC 
CX 
2082 89000F22 
99 
CMP 
CX. 
1I00FOOH 
2086 
D7DB 
100 
BNE 
loop 
101 
20B8 2702 
102 
BR 
initial 
103 
20BA 
104 
END 


ASSEMBLY 
COMPLETED. 
NO ERROR(Sl 
FOUND. 


SOURCE 
FILE 
:F3:HSOMOD. A96 
OBJECT 
FILE 
'F3:HSOMOD 
OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMr1AND: NOSB 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 


SOURCE 
STATEMENT 
$TITLE( 'HSOMOD.A96: 8096 PWM PROGRAM 
MODIFIED 
FOR 
DRIVER') 
$PAGEWIDTH(130) 


This program 
will 
provide 
3 PWM 
outputs 
on HSO 
pins 0-2 
The 
input parameters 
passed 
to the program 
are: 


HSO_ON_N 
HSO_OFF _N 
HSO 
on time for pin N 
HSO 
off 
time for pin N 


NOTE: 
Use 
this 
file to replace 
the declaration 
section 
of 
the HSO PWM 
program 
from 
"$INCLUDE(DEM096. INCI" 
through 
the 
line prior 
to the 
label 
"wait". 
Also 
change 
the 
last 
branch 
in the program 
to a "RET". 


D_STAT: 
extrn 
extrn 
extrn 
extrn 
extrn 


DSB 
HSO_ON_O 
:word 
HSO_ON_l 
:word , 


HSO_TIME 
:word 
TIMER 1 
:word 
• 
SP 
:word 


1 
HSO OFF_O 
:word 
HSO_OFF_l 
:word 
HSO_COMMAND 
:byte 
10SO 
:byte 


public 
OLD_STAT 
OLD_STAT: 
dsb 
NEW_STAT: 
dsb 


• Loop 
until 
HSO 
holding 
register 
is emptlJ 


For 
opperation 
with 
interrupts 
'store_stat.' 
would 
be the 
entry 
point 
of the routine. 


Note 
that a DI or PUSHF 
might 
have 
to be added. 


0004 
45 
store_stat: 
_. 


0004 
510FOO02 
E 
46 
ANDB 
NEW_STAT. 
1050. 1I0FH 
i 
Store 
new 
status 
of HSO 
€: 
0008 
980201 
R 
47 
CMP8 
OLD_STAT. 
NEW_STAT 
0008 
DFF3 
48 
JE 
wait 
0000 940201 
R 
49 
XORB 
OLD_STAT. 
NEW_STAT 
@l 


50 
51 
0010 
52 
check-0 
0010 
300113 
R 
53 
JBC 
OLD_STAT. 
O. check 
I 
Jump 
if OLD._STAT(0l;NEW._STAT(0) 


0013 
380209 
R 
54 
JBS 
NEW_STAT. 
O. set -off__O 
55 
0016 
56 
set_on_O: 


0016 813000 
E 
57 
LOB 
HSO_COMMAND. 
11001100008 
Set HSO 
for 
timer!, 
set pin 0 
0019 
44000000 
E 
58 
ADD 
HSO_TIME. 
TIMER I. HSO_OFF 
0 
Time 
to set pin; 
Timerl 
value 
0010 
2007 
59 
8R 
check-I 
+ Time 
for pin 
to be low 
60 
OOIF 
61 
set_off _0: 


OOIF 
BIIOOO 
E 
62 
LOB 
HSO_COMMAND. 
1I00010000B 
i 
Set HSO 
for timerl. 
clear 
pin 0 
0022 
44000000 
E 
63 
ADD 
HSO_TIME. 
TIMER I. HSO_ON_O 
Time 
to 
clear 
pin 
= 
Timer! 
value 
64 
+ 
Time 
for pin 
to be high 


0026 
65 
check-I: 


0026 
310113 
R 
66 
JBC 
OLD_STAT. 
I. check 
done 
i 
Jump 
if OLD_STAT(I);NEW_STAT(ll 
0029 
390209 
R 
67 
JBS 
NEW_STAT. 
I. set_off-I 
68 
3: 
Ol 
002C 
69 
set_on 
I: 
0 
~ 
- 
tJ) 
01 
002C 
BI3100 
E 
70 
LD8 
HSO_COMMAND. 
1I0011000lB 
i 
Set HSO 
for timerl. 
set pin 
I 
'r 
002F 44000000 
E 
71 
AOD 
HSO_TIME. 
TIMER I. HSO_OFF _I 
i 
Time 
to set pin; 
Timerl 
value 
CO 
0033 2007 
72 
BR 
check-done 
01 
73 
0035 
74 
set_off 
I: 


0035 BIIIOO 
E 
75 
LOB 
HSO_COMMAND. 
11000100018 
i 
Set HSO 
for 
timer1. 
clear 
pin 
I 
0038 
44000000 
E 
76 
ADD 
HSO_TIME. 
TIMER!. 
HSO_ON_I 
i 
Time 
to clear 
pin; 
Timerl 
value 
77 
i 
+ Time 
for pin 
to be high 
003C 
78 
check-done. 
003C B00201 
R 
79 
LOB 
OLD_STAT. 
NEW_STAT 
i 
Store 
current 
status 
and 
80 
wait 
for 
interrupt 
flag 
81 
003F 
FO 
82 
RET 
83 
use 
"BR 
waitll 
if this routine 
is 
used 
with 
the driver 
84 
0040 
85 
END 


ASSEMBLY 
COMPLETED. 
1m ERROR(Sl 
FOUND. 


SOURCE 
FILE 
'F3SP 
A96 
OBJECT 
FILE 
F3.SP 
OBJ 


CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


LINE 
1 
2 
3 
4 


=1 
5 


=1 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 


0028 


0028 
0029 
002A 


C7l 
002B 
~ 
002C 
C7l 
200C 


200C 9C20 


2080 


2080 AI000118 


2084 
B12016 


$INCLUDE(DEM096.INC) 
$nolist 
Turn 
listing 
off 
for 
includ@ 
file 
End 
of includ@ 
file 


CHR: 
dsb 
1 


SPTEMP: 
dsb 
1 
TEMPO: 
dsb 
I 
TEMPI: 
dsb 
1 
RCV_FLAG: 
dsb 


input 
fr@qu@nc~ 
/ 
(64*baud_val) 
(input frequenc~/64) 
/ baud rate 


BAUD_HIGH 
BAUD_LOW 
«baud 
val-l)/256) 
OR 80H 


(baud_val-I) 
MOD 256 


LDB 
BAUD_REG. 
_BAUD_LOW 
LDB 
BAUD_REG. 
_BAUD_~IGH 


2080 BI4911 
86 
LOB 
SPCON, 
*01001001B 
Enable 
receiver, 
Mode 
I 
_. 


87 
l 
88 
I 
The serial 
port 
is 
now 
initialized 
89 
90 
® 


2090 C42807 
91 
STB 
SBUF, 
CHR 
; 
Clear 
serial 
Port 
2093 BI202A 
92 
LOB 
TEMPO. 
*OOIOOOOOB 
Set 
TI-temp 
93 
2096 BI4008 
94 
LOB 
INT_MASK, 
*0 IOOOOOOB 
; 
Enable 
Serial 
Port 
Interrupt 
2099 FB 
95 
EI 
209A 27FE 
96 
loop: 
BR 
loop 
; 
Wait 
for 
serIal 
port 
interrupt 
97 
98 
209C 
99 
ser _port_lnt 
209C F2 
100 
PUSHF 
2090 
101 
rd_again: 
This 
section 
of 
code 
can 
be 
replaced 
2090 BOl129 
102 
LOB 
SPTEMP. 
SPSTAT 
WI th "ORB 
TEMPO. 
SP_STAT" 
when 
the 
20AO 90292A 
103 
ORB 
TEMPO. 
SPTEMP 
serlal 
port TI and RI 
bugs 
are 
Fixed 
20A3 
716029 
104 
ANOB 
SPTEMP,#OIIOOOOOB 
20A6 
07F5 
105 
JNE 
rd_agaln 
Repeat 
until 
TI and RI 
are 
properly 
cleared 
106 
20A8 
107 
get_byte. 


20A8 362A09 
108 
JBC 
TEMPO, 
6. Put_b IJ te 
If RI-temp 
is 
not 
set 
~ 
20AB 
C42807 
109 
STB 
SBUF. 
CHR 
Store 
byte 
(") 
en 
20AE 
71BF2A 
110 
ANOB 
TEMPO, 
#IOIIIIIIB 
CLR RI-temp 
~ 
en 
20131 
BIFF2C 
III 
LOB 
RCV_FLAG. 
#OFFH 
Set 
bit-received 
flag 
® 
"" 
I 
112 
CO 
20B4 
113 
put_byte: 
en 
20B4 302CI8 
114 
JBC 
RCV_FLAG, 
0, 
continue 
I 
If receive 
flag 
is cleared 
20117 352AI5 
115 
JIlC 
TEMPO. 
5. 
continue 
If TI 
was 
not 
set 
20BA B02807 
116 
LOll 
SIlUF. CHR 
Send 
byte 
20BO 
710F2A 
117 
ANOIl 
TEMPO, 
#II01ll111l 
CLR TI-temp 
118 
20CO 
717F28 
119 
ANOB 
CHR. 
#01111111B 
j 
This 
section 
of 
code 
appends 
20C3 
990028 
120 
CMPIl 
CHR,#OOH 
an LF after 
a CR 
is sent 
20C6 
0705 
121 
JNE 
cIT_Tev 
20C8 
1l10A28 
122 
LOll 
CHR, 
#OAH 
20CB 
2002 
123 
BR 
continue 
124 
20CO 
125 
CIT 
_rev: 


20CO 
112C 
126 
CLRIl 
RCV_FLAG 
I 
Clear 
bit-received 
flag 
127 
20CF 
128 
cant i nue: 


20CF F3 
129 
POPF 
2000 FO 
130 
RET 
131 


2001 
132 
ENO 


ASSEMBLY 
COMPLETEO, 
NO ERROR(Sl 
FOUNO. 


SOURCE 
FILE: 
F3:ATOD 
A96 
OBJECT 
FILE 
:F3:ATOD.OBJ 


CONTROLS 
SPECIFIED 
IN INVOCATION 
COMt1AND: NOSB 


LINE 
I 
2 
3 
=1 
4 


=1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


0020 
OOIE 


0028 
0028 
m 
002A 
.:.., 
002C 
Q) 
002E 


2080 


2080 AIOOOl18 
2084 0120 


2086 
55082002 


208A FD 
208B FD 
208C 3B02FD 


208F B0021C 
2092 80031D 


2095 
5420201E 
2099 ACIEIE 
209C C31E281C 


20AO 
1720 


$INCLUDEIDEM096.INC) 
$nolist 
Turn 
listing 
off for 
include 
file 
End 
of include 
file 


RESULT_TABLE: 


RESUL T 1: 
RESULT _2: 
RESULT _3: 
RESULT_4: 


; 
Start 
conversion 
on 
channel 


indicated 
by 
BL register 


NOP 
NOP 
check: 
JBS 


AL. AD_RESULT_LO 
AH, AD_RESULT_HI 
Load 
low order 
result 


; Load 
high 
order 
result 


ADD8 
LDBZE 
ST 


DL, BL. BL 
DX. DL 
AX. RESULT_TABLE[DXJ 


J: 
M0• .. 
j 
"•• 
o:l 
l: 


o:l 
Cl 
Cl 
Z 
a:: 
Z 
<t 
o:l 
w 


Qz~ 
0 
"""(01)-0- 
l4. 


1Il1ll1lla-a- 


(fJ 


a::0 
a:: 
a::w 
0z 


Qw~ 
0 
w 
ru 
.J 
M 
l4. 
a. 
0 
Cl 
1: 
- 
"- 
0 
"- 
ru 
u 
ru 
It'l 
"- 
> 
<t 
<t 
<t 
.J 
0 
0 
0 
o:l 
r~ 
r~ 
ru 
1: 
w 
(fJ 
(fJ 
<t 


APPENDIX B 
HSO AND A TO D UNDER INTERRUPT 
CONTROL 


SOURCE 
FILE: 
:F3:A2DHSO. A96 
OBJECT 
FILE: 
:F3:A2DHSO.OBJ 


CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


LINE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


=1 
11 


=1 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


'?" 
0028 
000 
001E 


0028 
0028 
002A 
002C 
002E 


0030 
0030 
0032 
0034 
0036 


0038 
003A 
003C 
003E 
0040 
0044 
0046 
0048 
004A 


fINCLUDE(DEM096.INC) 
fnolist 
Turn 
listing 
off 
for 
inciude 
file 
End 
of 
include 
file 


ON_TIME: 


PWM_TIME 
1: 
DSW 
HSO_ON_O: 
DSW 
HSO_ON_1: 
DSW 
HSO_ON_2: 
DSW 


RESULT_TABLE: 


RESULT_O: 
DSW 
RESULT_1: 
DSW 
RESULT _2: 
DSW 
RESULT_3: 
DSW 


NXT _ON_T: 
NXT_OFF _0: 
NXT_OFF _1: 
NXT_OFF _2: 
COUNT: 
AD_NUM: 
TMP: 
HSO_PER: 
LAST_LOAD: 


2000 8020 
2002 
1021 
2004 8020 
2006 CC20 


2080 AIOOOl18 
2084 OIIC 
2086 O:;IC 
2088 
D7FC 


208C AI800028 
2090 AIOOOl48 
2094 AI40002A 
2098 AI80002C 
209C AIC0002E 


20A:; 1113606 
20A8 A03804 
20AIl FD 
20AC FD 
20AD 1312206 
20130 643804 


20133 91074A 
20136 1310A08 
20139 1310A09 
2013C FI3 


20130 91010F 
20CO 
6:;010040 
20C4 A40042 
20C7 
71FEOF 
20CA 27FI 


start 
Atod 
done 
int 
start 
HSO_p.xec int 


SP. 
#IOOH 
AX 
AX 
wait 


PWM_TIME 
I. #080H 
HSO_PER. 
#IOOH 
HSO_ON_O. 
#040H 
HSO_ON_l. 
#080H 
HSO_ON_2. 
#OCOH 


ORI3 
ADD 
ADDC 
ANDI3 
BR 


HSO_COMMAND. 
#OOIIOIIOB 
HSO_TIME. 
NXT_ON_T 


HSO_COMMAND. 
#0010001013 
HSO_TIME. 
NXT_ON_T 


LAST_LOAD. 
#OOOOOIIIB 
INT_MASK. 
#0000101013 
INT_PENDING. 
#OOOOIOIOB 


Portl. 
#0000000113 
COUNT. 
#01 
COUNT+2. zero 
Port!. 
#1111111013 
loop 


Set HSO 
for 
timer!. 
set pin 0.1 
with 
interrupt 


Last 
loaded 
value 
was 
set all 
pins 
) Enable 
HSO 
and 
AID 
interrupts 
Fake 
an AID 
and HSO 
interrupt 


20CC 
20CC 
F2 
20CO 
91020F 


2000 
48380A46 
2004 
880046 
2007 
OEI9 


2009 
2009 
644838 
200C 
913606 
200F A03804 
20E2 FO 
20E3 FO 
20E4 
912206 
20E7 A03804 


20F5 
442A383A 
20F9 
911006 
20FC 
A03A04 


20FF 
FO 
2100 
442C383C 
2104 
BI1106 
2107 
A03C04 


210A FO 
210B 
442E383E 
210F 
B11206 
2112 
A03E04 


l 


.@ 


HSO_exec 
int- 


PUSHF 
ORB 


SUB 
TMP,TIMERI. 
NXT_ON_T 
CMP 
TMP, ZERO 
JLT 
set off_times 


set_on_times: 


ADO 
LOB 
LO 
NOP 
NOP 
LOB 
LO 


NXT_ON 
T. HSO_PER 
HSO_COMMANO. 
~00110110B 
HSO_TIME. 
NXT_ON_T 


HSO_COMMANO, 
~00100010B 
HSO_TIME. 
NXT_ON_T 


; 
Now 
is 
as 
goad 
a 
time 
as 
any 
to update 
the PWM 
reg 


ADO 
NXT _OFF_0. NXT _ON_T. 
HSO_ON_O 
LOB 
HSO_COMMANO, 
~00010000B 
Set HSO 
for timerl. 
clear 
pin 0 
LO 
HSO_TIME. 
NXT_OFF_O 


NOP 
ADO 
NXT_OFF_l. 
NXT_ON_T. 
HSO_ON_l 
LOB 
HSO_COMMANO. 
~00010001B 
Set HSO 
for timerl. 
clear 
pin 
1 
LO 
HSO_TIME. 
NXT_OFF 
1 


NOP 
ADO 
NXT _OFF_2. NXT _ON_T, 
HSO_ON_2 
LOB 
HSO_COMMAND. 
~00010010B 
, Set HSO 
for tlmerl. 
clear 
pin 2 
LO 
HSO_TIME. 
NXT_OFF_2 


2110 
2110 F2 
211E 91040F 


2121 
51C0021C 
2125 B00310 
2128 
5444441E 
212C ACIEIE 
212F C31E301C 


2133 99401C 
2136 0107 
2138 99FFID 
213B DF02 


C1l 
2130 
1710 


ci:l 
(,) 
213F BOIDIC 
2142 
1110 
2144 C31E281C 


2148 
1744 
214A 
710344 


2140 
55084402 


2151 
71FBOF 
2154 F3 
2155 FO 


2156 


ASSEMBLY 
COMPLETED. 


182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 


ATOD_done_int: 


PUSHF 
ORB 
Portl. 
*00000100B 


ANDB 
LOB 
ADDB 
LDBZE 
5T 


CMPB 
JNH 
CMPB 
JE 
INCB 


no_rnd: 
LOB 
CLRB 
ST 


ANDB 
POPF 
RET 


AL. AD_~ESULT_LO.*11000000B 
Load 
low order 
result 
AH. AD_RESULT_HI 
Load 
high 
order 
result 
DL. AD_NUM. 
AD_NUM 
DL= AD_NUM 
*2 
OX. DL 
AX. RESULT_TABLE[DXl 
; Store 
result 
indexed 
by OX 


AL. 
*01000000B 
no_rnd 
; Round 
up if needed 
AH.*OFFH 
; Don't 
increment 
if AH=OFFH 
no_rnd 
AH 


AL. AH 
; Align 
byte and 
change 
to word 
AH 
AX. ON_TIMEWXl 


AD_NUM 
AD_NUM. 
*03H 


AD_COMMAND. 
AD_NUM. 
*1000B 
; Start 
conversion 
on channel 
; indicated 
by AD_NUM 
register 
PortIo 
*11111011B 
; Clear 
PI.2 


APPENDIX C 
SOFTWARE SERIAL PORT 


SOURCE 
FILE: 
.F3.SWPORT. A96 
OBJECT 
FILE: 
.F3:SWPORT. OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


LINE 
1 
2 
3 
4 
:5 
6 
7 
=1 
8 
=1 
56 
57 
58 
59 
60 
61 
62 
63 
64 
6:5 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0000 
0> 
Co 
0000 
.j>. 


0001 
0001 
0002 
0004 
0002 
0003 
0004 


0006 


0008 


OOOA 


OOOC 


0035 
0015 
0018 


This 
module 
provides 
a 
software 
implemented 
asynchronous 
serial 
port 
for the 8096. 
H50.:5 is used 
for transmit 
data. 
HSI.2 
is used 
for 


i 
receive 
data. Note: 
the choice 
of HSO.:5 and HSI. 2 
is arbitrary). 


UNCLUDE(DEM096.INC) 
$nolist 
Turn 
listing 
off for 
include 
file 
End 
of include 
file 


rseg 


iosl save: 
dsb 
1 
rcve 
state: 
dsb 
1 
rKrdy 
equ 
1 
rxoverrun 
equ 2 
rip 
equ 4 
revs -buf: 
dsb 
1 
rcve_reg: 
dsb 
1 
sample_ time; 
dsw 
1 


serial -out: 
dsw 


baud-c aunt: 
dsw 


tKd-time: 
dsw 


char; 
dsb 


indicates 
receive 
done 
indicates 
receive 
overflow 


; 
receive 
in 
progress 
flag 
used 
to double 
buffer 
receive 
data 
used 
to 
deserialize 
receive 
records 
last 
receive 
sample 
time 


Holds 
the output 
character+framing 
(start and 
stop bits) 
for 
transmit 
process. 


Holds 
the period 
of one 
bit 
in units 
of Tl ticks. 


; Transition 
time 
of last TKd 
bit 
that was 
sent 
to the CAM 
for test only 


mark_command 
space_command 
sample_command 


0110101b 
0010101b 
0011000b 


timer!. 
set, 
interrupt 
on 
5 
timerl. 
ell', 
interrupt 
on 
5 


software 
timer 
0 


2080 
:~ 
cseg 
at 
2080h 
l-' 


2080 
90 
reset 
loc: 


91 
The 
8096 
starts 
executing 
here 
on 
reset. 
the 
program 
will 
Initialize 
the 
92 
the 
software 
serial 
port 
and 
run 
a 
simple 
test 
to 
excercize 
it 
@ 


93 
2080 
FA 
94 
di 
2081 
A1F00018 
95 
Id 
sp.lIOfOh 
2085 
C9C012 
96 
push 
lI4BOO 
20B8 
EFOOOO 
R 
97 
call 
setup_serial_port 
20B8 
816COB 
9B 
Idb 
int_mask.lI01101100b 
; 
serial. 
swt. 
hso. 
hsi 
20BE 
FB 
99 
ei 
100 
101 
20BF 
102 
test 
1: 


103 
; 
A simple 
test 
of 
the 
serial 
port 
routines. 


104 
; 
While 
no 
characters 
are 
received 
an 
incrementing 
pattern 
is 
sent 
to 
the 
105 
; 
serial 
output. 
When a 
character 
is 
received 
the 
incrementing 
pattern 
106 
; 
"Jumps" 
to 
the 
character 
receved 
and 
proceeds 
from 
there. 


107 
; 
0000 
lOB 
CR 
equ 
OOH 
; 
Carriage 
return 
20BF 
81000C 
R 
109 
Idb 
char.lICR 
2092 
110 
testlloop: 


2092 
ACOC1C 
R 
111 
Idbze 
ax. char 
~ 
'T' 
2095 
CB1C 
112 
push 
ax 
en 
g: 
2097 
EF3000 
R 
113 
call 
char_out 
<8 


114 
cD 
209A 
99000C 
R 
115 
cmpb 
char.lICR 
; 
Pause 
on 
Carriage 
return 
aI 
2090 
0706 
116 
bne 
nopause 
209F 
011 C 
117 
c I r 
a x 
20AI 
liB 
pause: 


20A1 
071C 
119 
inc 
ax 
20A3 
07FC 
120 
bne 
pause 
20A5 
121 
nopause: 


122 
20A5 
170C 
R 
123 
incb 
char 
20A7 
124 
test2: 


20A7 
EF4400 
R 
125 
call 
csts 
char 
ready? 
20AA 9BOOIC 
126 
cmpb 
.01.0 
20AO OFE3 
127 
be 
test1100p 
; 
loop 
if 
not 
20AF 
EF4COO 
R 
12B 
call 
char 
in 
2082 
801COC 
R 
129 
Idb 
char. 
al 
2085 
270B 
130 
br 
test1100p 
131 
$-eJect 


0000 
CC22 
0002 CC20 
0004 AI07001E 
0008 A120AIIC 
OOOC 
8C201C 
OOOF C0081C 
0012 C00600 
0015 B16016 
0018 3E15FD 


001B 
44140AOA 
001F 
B13506 
0022 AOOA04 
0025 
1102 
0027 
1103 
0029 
1101 
0028 EF4800 
002E E322 


0030 CC22 
0032 CC20 
0034 
BI0121 
0037 642020 
003A 
003A 880006 
003D 
D7FB 
003F C00620 
0042 E322 


0044 011C 
0046 300102 
0049 071C 
004B 
004B FO 


setup_serial_port: 
; Called 
on system 
reset 
to intiate 
the software 
serial 
port. 


pop 
pop 
Id 
ld 
divu 
st 
st 
ldb 
bbs 


add 
ldb 
ld 
clrb 
clrb 
clrb 
call 
br 


clear 
serial 
out 
Enable 
HSO.5 
and 
Wait 
for room 
in 
and 
issue a MARK 
txd_time. timerl.20 
hso_command,.mark_command 
hso_time.txd_time 
rcve_buf 
rcve_reg 
rcve 
state 
init_receive 
[cx] 


cx 


bx 
dx,1I0007h 
ax.1I0A120h 


a x I b x 
ax,baud 
count 
0, serial 
out 
iocl.1I01100000b 
iosO.6.$ 


the 
return 
address 
the baud rate 
(in decimal) 
dx:ax:=500.000 
(assumes 
12 Mhz 
crystal) 


Txd 
the HSO 
CAM 
command. 


pop 
pop 
ldb 
add 
wa it_for_xmi t: 


cmp 
bne 
st 
br 


cx 
b x 
(bx+ 1),1101h 
b x, 
b x 


serial 
Dut,O 
wait 
for 
xmit 
bx, 
serial_out 
[cx] 


the 
return 
address 
the character 
for output 
add 
the start 
and 
stop bits 
to the char and 
leave as 
16 bit 


wait 
for serial 
out=o 
(it will 
be cleared 
by 
the hso 
interrupt 
process) 
put 
the formatted 
character 
in serial_out 
return 
to caller 


clr 
bbc 
inc 
csts_exit: 


ret 


ax 
rcve_state, 
0, csts 
__exit 
ax 


004C 
300lFO 
004F 
F2 
00:50 
71FEOI 
00:;3 AC021C 
00:;6 F3 
00:;7 FO 


00:;8 
00:;8 F2 
00:;9 64080A 
OO:;C 880006 
OO:;F OFOO 
0061 
080106 
0064 
0808 
0066 
0066 
811:506 
0069 
AOOA04 
006C 
2006 
006E 
006E 
813:506 
0071 
AOOA04 


0074 
0074 
F3 
007:5 FO 


0076 
81001:5 
0079 
812003 
007C 
007C 
901600 


007F 
370008 


0082 
1l0061C 
008:; A0041C 


181 
182 
183 
184 
18:5 
186 
187 
188 
189 
190 
191 
192 
193 
194 
19:5 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20:;" 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21:5 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


bbc 
pushf 
andb 
Idbze 
popf 
ret 


; 
wait 
for 
character 
ready 
rcve_state,O,char_1n 
set 
up 
a 
critical 
region 
rcve_state.*not(rxrdy) 
al,rcve_buf 


hSQ 
isr" 


FIelds 
the 
hso 
interrupts 
and 
performs 
the 
serialization 
of 
the 
data. 


Note: 
t~is 
routine 
would 
be 
incorporated 
into 
the 
hso 
service 
strategy 
for 
an 
actual 
system. 


cseg 
pushf 
add 
cmp 
be 
shr 
bc 
send_spac 
e: 


Idb 
1 d 
br 
send_mark: 


Idb 
Id 


hso_isr 
_exit· 


popf 
ret 


txd_time/baud_CDunt 
serial 
out,O 
if 
send_mark 
serial_out,.1 
send_mark 
else 
send 
bit 
0 
of 
serial 
out 
and 
shift 
serial_out 
left 
one 
place. 


hSD __command, 
ttspace_command 
hso_~ime. 
tXd_time 
hso_isr_exit 


hso_command,*mark_command 
hso_time,txd_time 


Inlt 
receive: 


Called 
to 
prepare 
the 
serial 
input 
process 
to 
find 
the 
leadIng 
edge 
of 
a 
start 
bit. 


Idb 
Idb 
flush_fifo 
orb 
bbc 
Idb 
Id 


iocO.*OOOOOOOOb 
hsi_mode.*OOIOOOOOb 
disconnect 
change 
detector 
negative 
edges 
on 
HSI 
2 


jost_save, 
iest 


iosl 
save. 7. flush_fifo_done 
aL hsi_status 
ax. hsi 
time 
trash 
the 
fifo 
entry 


OOSS 
717FOO 
OOSB 27EF 
OOSO 
OOSO 
BI1015 
0090 FO 


0091 
0091 
F2 
0092 CSIC 
0094 
B0061C 
0097 
A00404 
009A 
341C 1·5 
0090 3F15FO 
OOAO 
AOOSIC 


00A3 
OSOllC 
00A6 641C04 
00A9 
BllS06 
OOAC 
C00404 
OOAF 
BI0015 
00B2 
OOB2 CCIC 
00B4 F3 
00B5 FO 


00B6 
00B6 F2 
00B7 
901600 
OOBA 
71FEOO 
OOBO 
51FCOI00 
OOCI 
070C 


andb 
br 
flush_fifo 
done' 


Idb 
ret 


iosl save,#notCSOh) 
flush_fifo 


hsi 
isr: 


Fields 
interrupts 
from the HSI 
unit, 
used 
to detect 
the 
leading 
edge 
of the START 
bit 


i 
Note: 
this routine 
would 
be incorporated 
into the HSI 
strategy 
of an actual 
system. 


cseg 
pushf 
push 
ldb 
ld 
bbc 
bbs 
ld 
shr 
add 
ldb 
st 
Idb 
ex i t_h 5 i. 


pop 
popf 
ret 


a. 
al.hsi status 
sample_time.hsi_time 
aL 4, exit_hsi 
iosO,7.$ 
ax, baud_count 
ax, 
#1 
sample_time, 
ax 
hso_command,#sample_command 
sample_time, 
hso_time 
iocO.#OOOOOOOOb 


wait 
for room 
in HSO 
holding 
reg 
send 
out 
sample 
command 
in 
1/2 
bit time 


software 
timer 
isr 


Fields 
the 
software 
timer 
interrupt. 
used 
to 
deserialize 
the 
incomming 
data 
Note 
this 
routine 
would 
be 
incorporated 
into 
the 
software 
timer 
stategy 


in 
an 
actual 
system. 


cseg 
pushf 
orb 
andb 
andb 
bne 


jost_save, 
ies! 
iosl save, #notCOlh) 
O,rcve_state,#Ofch 
process_data 


00C3 
00C3 350604 
00C6 2FAE 
00C8 2032 
OOCA 
OOCA 910401 
OOCD 2021 


OOCF 
OOCF 3FOI0E 
0002 
180103 
0005 350603 
0008 918003 
OODa 
OODa 
751001 
OODE 2010 


OOEO 
OOEO 3506FD 
00E3 a00302 
00E6 910101 
00E9 
710301 
OOEC 2F88 
OOEE 200C 


OOFO 
OOFO 3F15FD 
00F3 a11806 
00F6 640804 
00F9 C00404 


OOFC 
OOFC F3 
OOFD FO 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 


bbc 
call 
br 
start_ok: 


orb 
br 


process_data: 


bbs 
shrb 
bbc 
orb 
datazero: 
addb 
br 


check_stopbit: 


bbc 
ldb 
orb 
andb 
call 
br 


hsi 
status, 
5, start 
ok 
jnit_receive 
software_timer_exit 


rcve_state. 
ttrip 
i 
set 
receive 
in 
progress 
flag 
schedule_sample 


rcve_state,7,check_stopbit 
"eve_reg, 
••1 
hsi_status,5,datazero 
rcve_reg ••80h 
set 
the new 
data 
bit 


rcve 
state ••l0h 
schedule_sample 


hsi_status.5.$ 
DEBUG 
ONLY 
"eve 
buf,rcve_"eg 
rcve_state,ttrxrdy 
rcve_state ••03h 
; Clear 
all 
but ,ready and 
overrun 
bits 
init_receive 
software_timeT_exit 


schedule_samp Ie: 


bbs 
iosO.7.$ 
; wait 
for holding 
ldb 
hso_command ••sample_command 
add 
sample_time. baud_count 
st 
sample_time,hso_time 


software 
timer_exit: 


popf 
ret 


APPENDIX D 
MOTOR CONTROL PROGRAM 


SOURCE 
FILE: 
:F3:MOTCON. A96 
OIlJECT FILE: 
:F3:MOTCor~.OIlJ 


CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND 
NOSIl 


LINE 
1 
2 
3 
4 
5 
6 
7 


=1 
8 
=1 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 


ep 
001E 


CO0 
003C 


0069 


006E 


OOFA 
OOFA 
OOFF 
OOFF 
0080 
04110 
0064 
0010 


0024 


0024 
0028 


SOURCE 
STATEMENT 
$TITLE 
('MOTCON.A96: 
Motor 
Control 
Example 
Program') 


$INCLUDE <DEM096 
INC) 
$nolist 
Turn 
listing 
off 
for 
include 
file 
End 
of include 
file 


swt1_dly-period 
equ 
swt2_dly_period 
equ 
max_power 
eQ.u 
max_brake 
equ 
maximum_hold 
equ 
brake-pnt 
equ 
position-pnt 
equ 


velocity-pnt 
equ 


tmp: 
timer_2: 


2*min_h si1_t 


; min 
period 
for PHA 
edges 
in modeO 
before 
model 


3*min_hsil_t 
+ min_hsil_t/2 
; max 
period 
for PHA 
edges 
in model 
before 
modeO 


; delay 
for HSO 
timer 
0 
(timed 
count 
of pulses) 
min 
period 
for 5 T2 clocks 
before 
mode 
1 


250 
250 
Offh 
Offh 
080H 
1200 
100 
16 


delay 
for software 
timer 
1 
delay 
for software 
timer 
2 


002C 
86 
tmr2_0 
Id: 
dsl 
1 
_. 


0030 
87 
position: 
dsl 
1 
l 


0034 
l 
.~~ 
88 
des_pos: 
dsl 
1 
0038 
89 
pos_ err: 
dsl 
1 
003C 
90 
del ta.JJ: 
dsl 
1 
@l 


0040 
91 
time: 
dsl 
0044 
92 
des 
time: 
dsl 
0048 
93 
tim"_"rr: 
dsl 
94 
95 
$EJECT 
96 
004C 
97 
last_time_err: 
dsw 
004E 
.... , 
98 
last_pos_err: 
dsw 
0050 
99 
pos_delta: 
dsw 
0052 
100 
time_delta: 
dsw 
0054 
101 
last_pos: 
dsw 
0056 
102 
las tl 
time: 
dsw 
0058 
103 
last2_time: 
dsw 
005A 
104 
boost: 
dsw 
005C 
105 
tmp 1: 
dsw 
005E 
106 
out_ptr: 
dsw 
0060 
107 
offset: 
dsw 
0062 
108 
n. t_p os: 
dsw 
0064 
109 
rpwr: 
dsw 
I 
!l: 
q> 
0066 
110 
old -t2: 
dsw 
I 
0 
CJ) 
~ 
III 
~ 
0068 
112 
direct: 
dsb 
1 
; 
l=forward, 
O=reverse 
i 
0069 
113 
pwm_dir: 
dsb 
1 
006A 
114 
hsi 
sO: 
dsb 
0061l 
115 
last -stat: 
dsb 
006C 
116 
pwm_pwr: 
dsb 
0060 
117 
iosl 
bak: 
dsb 
006E 
118 
TR_COL: 
DSB 
1 
; 
COLLECT 
TRACE 
IF 
TR_COL=OO 
006F 
119- 
ma in_d ly: 
dsb 
120 
0070 
121 
ma •.....Pwr: 
dsw 
0072 
122 
ma ._brk: 
dsw 
0074 
123 
max_ hold: 
dsw 
0076 
124 
vel _pnt: 
dsw 
0078 
125 
brk _pnt: 
dsw 
007A 
126 
pos_pnt: 
dsw 
007C 
127 
HSOO_dly: 
dsw 
007E 
128 
swtl _d Iy: 
dsw 
0080 
129 
swt2_d 
Iy: 
dsw 
0082 
130 
min_hsi: 
dsw 


0084 
131 
min_hsi1: 
dsw 


0086 
132 
ma. _h s iI: 
dsw 


133 
134 
0100 
135 
dseg 
at 
100H 


0100 
0102 
0104 


2000 
2000 0022 
2002 
1020 
2004 0424 
2006 
8022 
2008 
1020 
200A 2022 
200C 
1020 
200E 
1020 


2010 
2010 
2010 
2010 


2087 
1168 


2089 
A170175C 
2080 
055C 
208F 
E068FO 
2092 88005C 
2095 
02F6 


136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 


mOd,,_view: 
count 
out: 


err_view: 


cseg 
••t 
dcw 
dcw 
dcw 
dcw 
dcw 
dcw 
dcw 
dcw 


atod 
done 
int: 


hsi_O_int: 
ser Jort_int: 
ext"rn ••l_int: 


clrb 
ld 
delav: 
dec 
dJn, 
cmp 
Jgt 


PI. 0 
PI. 
I 
Pl.2 
PI. 3 
PI. 
4 
PI. 
5 
PI. 6 
PI. 7 
P2. 6 
P2. 7 


modeO 
0 
model 
1 
o 
0 
software 
timer 2 routine 
Main 
program 
toggle 
HSI 
overflow 
toggle 
software 
timer 0 routine 
enter/leave 
hsi 
int enter/leave 
software 
timer 
I routine 
enter/leave 
Input direction 
(O=reverse. 
l=forwiird) 
direction 
O=rev. 
l=fwd 


mode2 
I 
or 0 
I 
I 
enter/leave 


2000H 
timer 
ovf_int 
atod 
done 
int 
hsi_diita_int 
hso "xec 
int 
hsi_O_int 
soft 
tmr 
int 
ser_port_int 
externiil_int 


sp.*OFOH 
pwm_control.*OFFH 


direct 
tmpl.*6000 
tmp I 
dir"ct._ 
tmpl. ,ero 
del••v 


; w~it 
about 
3 
seconds 
for 
motor 
to come 
to a stop 
; wiiit 0.512 
milliseconds 


portl. *OFFH 
port2. *OffH 


20AO 
71FCOF 
20A3 
1119903 
20A6 
1115715 


20A9 
A00400 


20AC 
0140 
20AE 
0142 


20110 0128 
20112 012A 
20114 0130 
20116 0132 
20118 0154 
20llA 0134 
20llC 0136 
20llE 0144 
20CO 
0146 
20C2 
AOOA56 
20C5 
4900085658 
20CA 
1160 
20CC 
1109 
20CE 
AIFOOl5E 
2002 
AI3C0082 
2006 
A IIE0084 
200A 
AI690086 
200E 
AI6E007C 
20E2 
AIFA007E 
20E6 
AIFA0080 
20EA 
AIFF0070 
20EE 
AIFF0072 
20F2 
AI800074 
20F6 
AIIl00478 
20FA 
AI64007A 
20FE 
AII00076 
2102 
AI002962 
2106 
1l0006C 
2109 
1110169 


210C 
1112008 
210F 
1113006 
2112 
447COA04 


2116 
FO 


2117 
FO 


2118 
1113906 


2111l 
447EOA04 


186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21~ 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 


andb 
Idb 
Idb 


Id 
elr 
elr 
elr 
elr 
elr 
elr 
elr 
elr 
elr 
elr 
elr 
ld 
sub 
elrb 
elrb 
ld 
ld 
ld 
ld 
ld 
Id 
ld 
Id 
ld 
ld 
ld 
ld 
ld 
ld 
ldb 
Idb 


IOCI.1I001001018 
, Disable 
HSO. 4. HSO.~. 
HSI 
INT=first. 
; Enable 
PWM. TXO. TIMER1_0VRFLOW_INT 


Portl.1I111111001l 
HSI_mode.1I1001100IB 
IOCO.1I01010111B 


, 
e lear 
PI. O. 1 
lset 
mode 
0) 
set 
hsi.1,3 
-j 
hsi.O,2 
+ 
Enable 
all 
hsi 
T2 
CLOCK=T2CLK. 
T2RST=T2RST 


; 
Clear 
t1mer2 


zero, 
hSl 
time 
tUlle 
tlme+2 
timer_2 
timer 
2+2 
position 
position+2 
Ias t_.pos 
des_pos 
des_pos+2 
des_time 
des 
time+2 
lastl_time.Timerl 
last2 
time. lastl_time.1I800H 
iosl 
bak 
int_pending 
ou t_.Ptr. III FOH 
min_hsi,#min 
hsi 
t 
mln_hsll.llmin_hsll 
t 
ma x _h s i I. lima x _h s I 1._t 
HSOO_dly.IIHSOO_dly_perlod 
swtl_dly,lIswtl_dly_period 
swt2_dly,lIlswt2_dly-period) 
max-pwr,#max_power 
max_brk,lImax_brake 
max_hold.llmaximum_hold 
brk_pnt.llbrake_pnt 
pos_pnt.llposition-pnt 
vel_pnt,lIveloeity_pnt 
nxt_pos,lIpos_table 
pwm_pwr, 
zera 
pwm_dir.1I0Ih 
; 
FORWARD 


int_mask.1I00l0lI0lll 
hso_command,#30H 
hso_time. 
timerl,HSOO_dly 


Enable 
tmr _ovf, 
hsi, 
swt. 
HSO, interrupts 
set 
HSO_O 


hso_eommand.#39H 
set 
swt_l 


hso_time. 
timerl. 
swtl_dly 


211F 
FO 
2120 
FO 
2121 
Ill3A06 
2124 
44800A04 


2128 
AOOA40 
212Il AOOC2C 
212E 
FIl 


212F 
E7CE06 


2200 


2200 
2200 
F2 


2201 
901660 
Ol 
2204 
356005 
tb 
2207 
0742 
~ 
2209 
71DF60 
220C 
220C 
F3 
2200 
FO 


2220 


2220 
2220 
F2 
2221 
901660 
2224 
2224 
306003 
2227 
71FE6D 


222A 
222A 
316006 
222D 
71F060 


236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 


nop 
nop 
Idb 
hso_command.#3AH 
set 
swt_2 
add 
hso_tlme. 
tlmerl. 
swt2_dly 


Id 
time.TIMERI 
Id 
tmr2_o1d. 
timer2 
ei 


timer _ovf _I nt 
pushf 


orb 
chk_tl. 
Jbc 
inc 
andb 
tmr 
int_done- 
popf 
ret 


iosl_bak.IOSI 
iosl-.:bak,~, 
tmr 
int_done 
t ime-'-2 
iosl_baki#1101111IIl 


soft_tmr 
_int: 
pushf 
orb 
ch k_swtO: 
Jbc 
andb 
ca II 
chk_swtl 
: 
Jbc 
andb 


losl_bak.O.chk 
swtl 
losl_bak.#11111110Il 
swtO_expired 


iosl_bak. 
1. chk 
swt2 
losl_bak.#1111110IB 


2230 
EFC003 


2233 
2233 326006 
2236 
71FIl60 
2239 EF4401 
223C 
223C 
346003 
223F 
71F760 


2242 
2242 
F3 
2243 
FO 


2280 
F2 
2281 
Il13006 
2284 
447COA04 


2288 
91200F 
228Il AOOC28 
228E 
390F18 


2291 
2291 
4866285C 
2295 
8902005C 
2299 
094C 
229Il 
229Il 300F49 
229E 
71FCOF 
22Al 
Il15515 
22A4 
Il0006Il 
22A7 
203E 


22A9 
22A9 
482C283C 
22AO 
A0282C 


286 
287 
288 
289 
290 
291 
292 
293 
294 
29:5 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
32:5 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 


call 
chk_swt2: 


Jbc 
andb 
call 
chk_swt3: 


Jbc 
andb 
call 


swt_i nt_done: 


popf 
ret 


iosl_bak,2,chk 
swt3 
iosl bak.ll11111011Il 
; Clear 
bit 2 
swt2_expired 


iosl_bak,4,swt 
int 
done 
iosl_bak,1I111l0111Il 
i 
Clear 
bit 3 
swt3_expired 


PUSHF 
Idb 
add 


in_model: 
sub 
cmp 
Jh 
set_modeO: 
Jbc 
andb 
ldb 
ldb 
br 


in_mode2: 


sub 
ld 


HSO_COMMANO,1I30H 
HSO_TIME,TIMERl,HSOO_dly 


portl,1I00100000Il 
Timer_2,TIMER2 
Port!, 
1, in_mode2 


tmpl,Timer_2,0Id_t2 
tmpl,1I2 
end_swtO 


Portl,O, end swtO 
Portl,1I11111100B 
IOCO,1I01010101B 
last stat, zero 
end_swtO 


if already 
in mode 
0 
Clear 
PI. 0, PI. 1 (set mode 
0) 
enable 
all HSI 


delta.Jl'timer_2, tmr2_old 
tmr2_old, timer_2 


22B3 
643C30 
22B6 A40032 
22B9 2006 


22CI 
22CI 
486628:5C 
22C:5 8905005C 
22C9 
021C 


22CB 
22CB 
71FOOF 
22CE 
91010F 
2201 
BI0515 
2204 A00400 
2207 48840A56 


220B 
220B A00400 
220E 
717F60 
22El 901660 
22E4 3F60F4 


22E7 
22E7 
A02866 
22EA 
710FOF 
22EO F3 
22EE FO 


2380 
2380 F2 
2381 B13A06 
2384 
44800A04 


2388 91040F 
238B 89FF075E 
238F 
0104 
2391 AIF0015E 


336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
38:5 


in_fwd: add 
addc 
br 


chk_mode: 
sub 
cmp 
Jg t 


set_model: 
andb 
orb 
Idb 
Id 
sub 


ld 
andb 
orb 


Jbs 


end swtO: 


ld 
andb 
POPF 
ret 


position.delta_p 
positian+2, 
zero 
chk_mode 


position.delta_p 
position+2, 
zero 


tmpl.Timer_2.0Id_t2 
tmp I.1t5 
end_swtO 


Check 
count 
difference 
in tmpl 
set 
model 
if 
count 
is 
too 
low 
count <= 
:5 


Portl.ltll11110lB 
Clear 
PI. I. set PI. 0 
(set mode 
1) 
Portl.ItOOOOOOOIB 
IOCO.1t00000l0lB 
enable 
HSI 
0 and 
1 
zero. HSI 
TIME 
lastl_time.Tlmerl.min 
hsil 
set up so (time-Iast2_time»min 
hsil 
on next HSI 


ZERO. HSI 
TIME 
iosl_bak.ItOll1111IB 
iosl_bak. 
ios! 
iosl_bak,7,clr_hsi 


0Id_t2. TIMER_2 
portl.#11011111B 


swt2_expired: 
pushf 
Idb 
add 
hso command.1t3AH 
set swt_2 
hso_time. timerl.swt2_dly 


portl.#OOOOOIOOB 
set port 
1.2 
out_ptr.#7ffH 
pulsing 
out...Jltr.ltlfOH 


23A4 
23A4 
48:560A:5C 
23A8 890018:5C 
23AC 0104 


23AE 6:50010:56 
23B2 
23B2 
71FBOF 
23B:5 F3 
2386 FO 


2400 
2400 20CE 
2402 
20C7 


2404 
F2 
2405 
91400F 
2408 
717F60 
240B 
901660 
240E 
3760Fl 


2411 
2411 
AOOC28 
2414 
:51:5:5066A 
2418 A00440 


386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
41:5 
416 
417 
418 
419 
420 
421 
422 
423 
424 
42:5 
426 
427 
428 
429 
430 
431 
432 
433 
434 
43:5 


pulsing: 


Jbc 


position+2. (out_ptrJ+ 
position. (out_ptrJ+ 


st 
direct. (out_ptrJ+ 
st 
pwm_pwr. (out_ptrJ+ 


swt2_done: 


sub 
cmp 
Jnh 


add 
swt2_ret: 
andb 
popf 
ret 


tmpl, 
timer!, 
lastl_time 
tmp 1.111800H 
swt2_ret 
keep 
ITimerl-lastl_time><2000H 


This routine 
keeps 
track 
of the current 
time and 
position 
of the motor. 
The 
upper 
word 
of 
information 
is 
provided 
by 
the 
timer 
overflow 
routine. 


CSEG AT 2400H 
now_mode 
1: 
br 
no 
intI: 
br 


hsi_dat •• int: 
orb 
andb 
orb 
Jbc 


get_values: 
ld 
andb 
ld 


used 
to 
save 
execution 
time 
for 
; 
worst 
case 
loop 


pushf 
portl.1I01000000B 
iosl_bak.1101111111B 
iosl_bak. iosl 
iosl_bak.7.no 
intl 
If hsi 
is not 
triggered 
then 
Jump to no 
int 


timer _2.TIMER2 
hsi sO.HSI_STATUS.#01010101B 
time. HSI_TIME 


2421 
3A6A2C 
436 
Jb 5 
h 5 i_50. 2. iI_filll 
_. 


2424 
3C6A40 
437 
Jbtl 
h5i_50, 
4. b_rise 
l 


2427 
3E6A5A 
438 
Jbs 
hsi_ sO, 6. b_fall 


242A 
2094 
439 
br 
no_cnt 
440 
@ 


242C 
A05658 
441 
ii_rise: 
ld 
last2_tlme.lilstl_ 
time 
242F 
A04056 
442 
ld 
lastl_time. 
time 
2432 
685840 
443 
sub 
time.last2_time 


2435 
888240 
444 
cmp 
time,min_hsi 
2438 
0906 
44:5 
Jh 
tst_statr 
446 
; Slit model- 
243A 
91010F 
447 
orb 
Portl.flOOOOOO01B 
; 
Set 
Pl. 0 
(in 
mode 
1) 


2430 
810515 
448 
ldb 
IOCO.IIOOOO0101B 
; 
Enable 
HSI 
0 
ilnd 1 


2440 
449 
tst_statr: 


2440 
3E6858 
450 
Jbs 
lilst_stat.6. 
going_ 
fwd 
2443 
3C6867 
451 
Jbs 
last_stat. 
4. going_rev 
2446 
3A6850 
452 
Jbs 
last_stat. 
2. change_dir 


2449 
98006B 
453 
cmpb 
last_stat. 
zero 
244C 
OF46 
4:54 
Je 
first_time 
; 
first 
time 
in 
modeO 


244E 
2782 
455 
br 
no-intl 
456 
2450 
A05658 
4:57 
a_fall: 
ld 
last2_time.li1stl_time 
2453 
A04056 
458 
ld 
lastl_time. 
time 
2456 
685840 
459 
sub 
time.last2_time 
i: 
0> 
2459 
888240 
460 
cmp 
time, 
min_hsi 
0 
<h 
245C 
0906 
461 
Jh 
tst_statf 
tn 
<Xl 
c;o 


462 
; set 
model- 
I 


245E 
91010F 
463 
orb 
Portl.1I000000018 
; 
Set 
Pl.O 
(in 
mode 
1) 
i 


2461 
810515 
464 
ldb 
lOCO. 11000001018 
Enable 
HSI 
0 
and 
1 
465 
fEJECT 


2464 
466 
tst -s ta t f. 
2464 
3C6B37 
46l 
Jb s 
last_stat.4. 
going_fwd 
2467 
3E6843 
468 
Jbs 
last_stat,6, 
going_rev 


246A 
38682C 
469 
Jbs 
last_stat.O.change_dir 


2460 
98006B 
470 
cmpb 
last._stat, 
zero 


2470 
OF22 
471 
Je 
first_time 
; 
first 
time 
in 
modeO 


2472 
2057 
472 
br 
no-int 
473 


2474 
386B27 
474 
b_rise: 
Jbs 
last_stat.O.going_ 
fwd 


2477 
3A6B33 
475 
Jbs 
last_stat.2, 
going_rev 


247A 
3E681C 
476 
Jbs 
last_stat. 
6. change_dir 
2470 
98006B 
477 
cmpb 
last_stat. 
zero 
2480 
OF12 
478 
Je 
first_time 
; 
first 
time 
in 
modeO 


2462 
2047 
479 
br 
no-int 
480 
2484 
3A6B17 
481 
b_fall: 
Jbs 
last_stat. 
2. going_ 
fwd 


2487 
386823 
482 
Jb s 
last_stat.O. 
going_rev 
248A 
3C680C 
483 
Jbs 
last_stat,4. 
change_dir 


2480 
98006B 
484 
cmpb 
last_stat. 
zero 
2490 
OF02 
48:5 
Je 
first_time 
; 
first 
time 
in 
modeO 


2494 
2494 C46B6A 
2497 2072 


2499 
2499 
1268 
249B 30680F 


249E 
249E 914010 
24AI BIOl68 
24A4 65010030 
24A8 A40032 
24AB 2000 
24AO 
24AO 
71BFIO 
24BO 
BI0068 
24B3 69010030 
24B7 A80032 


24BA 
24BA C46B6A 
24BO 
24BO A0282C 
24CO 
717F60 
24C3 901660 
24C6 376002 
24C9 2746 


24CB 
71BFOF 
24CE F3 
24CF FO 


2400 
51506A5C 
2404 07EA 
2406 


486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
SOl 
502 
503 
504 
50~ 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 


first_time: 


stb 
br 


change_dir: 
notb 
no_inc: 
Jbc 


go ing_fwd: 
orb 
ldb 
add 
addc 
br 
go ing_rev: 


andb 
ldb 
sub 
subc 


stb 
load 
lasts: 
Id 
no_cnt: 
andb 
orb 
Jbc 
again: 
br 


no 
into andb 
popf 
ret 


andb 
Jne 
cmp_time: 


hsi_sO. last_stat 
done_chk 
i 
add delta 
position 


direct 
direct,O,going_rev 


PORT2 ••01000000B 
direct ••OI 
position ••OI 
position+2, 
zero 
st_stat 


PORT2 ••1011111IB 
direct ••OO 
position ••OI 
position+2, 
zero 


tmr2_01d. timer_2 
iosl_bak.1I011111l18 
ios! 
bak, ios1 
iosl_bak,7,no 
int 
get_values 


tmpl, hsi_sO ••OIOIOOOOB 
no_cnt 


last2_time.lastl 
time 
lastl_time. time 


tmpl. time. last2_time 
tmp 1.min_hs iI 


Procedure 
which 
sets mode 
I also 
sets 
times 
to pass 
the tests 


24E5 
24E5 91020F 
24E6 BI0015 
24EB A00400 
24EE 717F6D 
24Fl 901660 
24F4 3F6DF4 
24F7 2012 


24F9 
24F9 
4656405C 


24FD 66665C 


2502 
2502 71FCOF 
2505 B15515 
2506 B0006B 


250B 
250B 462C263C 
250F 306606 
2512 
2512 643C30 
2515 A40032 
2516 27A3 
251A 
251A 663C30 
2510 
A80032 


2520 
279B 


536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
564 
585 


set_mode_2: 


orb 
ldb 
mt_hsi: 
ld 
andb 
orb 
Jb s 
br 


check_ma, 
time: 


sub 
cmp 


Portl ••000000l0B 
IOCO••OOOOOOOOB 
zero, 
hsi 
time 
iosl_bak ••Oll11111B 
iosl bak. iosl 
iosl_bak.7.mt_hsi 
done_chk 


tmpl. time. last2_time 
tmp 1.ma,_hsi1 


set_mode_O: 


andb 
ldb 
ldb 


done_chk: 


sub 
Jbc 


Portl ••llllll00B 
IOCO••OI0I0101B 
last_stat, 
zero 


delta-p. timer_2.tmr2_0Id 
direct.O.add_rev 


add 
position.delta_p 
addc 
position+2, 
zero 
br 
load lasts 


sub 
position. delta_p 
subc 
position+2, 
zero 
br 
load lasts 


I 
Set Pl. 1 (in mode 
2) 
Disable 
all HSI 
empty 
the hsi 
fifo 


I 
clear 
bit 7 


260E 
A0464A 
2611 
A0363A 
2614 
48404448 
2618 
A8424A 
261B 
48303438 
261F 
A8323A 


2631 
2631 
88003A 
2634 
0600 


2636 
2636 
0338 
2638 
310069 
2633 
89FFFF3A 
263F 
U70A 
2641 
2000 


2643 
2643 
310169 
2646 
88003A 
2649 
UF05 


2650 
2650 
887A38 


2653 
DIIE 


2655 
887838 


586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
61~ 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 


ld 
ld 
sub 
subc 
sub 


subc 


chk_dir: 


cmp 
JQe 


g o_bac kward: 


neg 
ldb 
cmp 
Jne 
br 


go_forward: 


ldb 
cmp 


Je 


time 
err+2. des 
time+2 
Calculate 
time 
& position 
error 


pos_err+2,des_pos+2 
time_err, 
des 
time, 
time 
; 
values 
are 
set 


time 
err+2, 
time+2 
pos_err, 
des_pos, 
position 
pos_err+2,position+2 


time_delta, 
last 
time_err, 
time_err 
last_time_err, 
time_err 


pas_delta, 
last_pas_err, 
pos_err 
last_pos_err. 
pos_err 


Time_err 
= Desired 
time 
to 
finish 
- 
current 
time 
Pos_err 
Desired 
position 
to 
finish 
- 
current 
position 
Pos 
delta 
Last 
position 
error 
- 
Curent 
position 
error 
Time 
delta 
= 
Last 
time 
error 
- 
Current 
time 
error 
note 
that 
errors 
should 
get 
smaller 
so 
deltas 
will 
be 
positive 
for 
forward 
motion 
(time 
is 
always 
forward) 


pas_err 
Pas_err 
pwm_dir.lWOh 
pos_err+2.~OffffH 
Id_ma x 
chk_brk 


pwm_dir. 
~OlH 
pos_err+2, 
zero 
chk_brk 


pos_.erT, 
pas_pot 
hold_position 
pos_err. 
brk_pnt 


265A 
265A 880050 
2650 0602 
265F 
0350 
2661 
2661 887650 
2664 
0100 


2666 30726C 
2669 306824 
266C 
1224 


266E 
302469 


2673 
2673 89020038 
2677 0906 
2679 
0126 
2673 015A 
2670 201F 


267F 
267F 
50FF7424 
2683 6C3824 
2686 
880050 


2689 
0709 
2683 
650400:3A 
268F 
645A26 
2692 
2002 
2694 015A 
2696 887426 
2699 
0103 


2693 
A07426 
269E 
30266C 


26A3 
26A3 
306C64 
26A6 
1264 
26A8 
38690A 


634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
6:33 
654 
655 
656 
6:37 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 


cmp 
Jge 
neg 
chk_delta; 


cmp 
Jnh 


brake; 
ldb 
ldb 
notb 
ldb 


Hold_position; 


cmp 
Jh . 
clr 
clr 
BR 


calc_out; 


mulub 
mulu 
cmp 
Jne 
add 
add 
br 
no_bst; 
clr 


ck_max: 
cmp 
Jnh 
ma xed: 
1d 
outp ut; 
1db 


ldb 
notb 
Jbs 


pas_delta. zero 
chk_delta 
pas_delta 


pos_delta.vel_pnt 
hold_position 


pwm_pwr,max_brk 
tmp.direct 
tmp 
pwm_d ir.tmp 


pas_err. 1102 
calc out 
tmp+2 
boost 
output 


tmp.max_hold. 1125:3 
tmp,pos_err 
pos_delta, 
zero 
no bst 
boost. 1104 
tmp+2.boost 
ck_max 
boost 
tmp+2.max_hold 
output 
tmp+2.max_hold 
pwm_pwr. 
tmp+2 


rpwT'. pwm_pwr 
rpwr 
pwm_dir.O. p2fwd 


velocity 
= pos_delta/sample_time 
Jmp if 
A3S(velocity) 
< vel_pnt 


; Boost 
is integral 
control 


; TMP+2 
= MSBlpos_err*max_hold) 


26AB 
FA 
26AC 
717FI0 
26AF 
806417 
2682 
F8 
2683 
2008 
268:5 FA 
2686 
918010 
2689 
806417 
268C 
F8 


2680 
2680 
88004A 
26CO 
022:5 


26C2 
89202962 
26C6 
OE06 
26C8 
AI002962 
26CC 
0142 
26CE 


26CE 
A26334 
2601 
A26336 
2604 
A26346 
2607 
A26370 
260A 
A07072 
2600 
646034 
26EO 
A40036 
26E3 
4830344E 


2800 
2800 
901660 
2803 
366009 
2806 
718F60 
2809 
95100F 
280C 
EFF5F8 


684 
68:5 
686 
687 
688 
689 
690 
691 
692 
693 
694 
69:5 
696 
697 
698 
699 
700 
701 
702 
703 
704 
70:5 
706 
707 
708 
709 
710 
711 
712 
713 
714 
71:5 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 


p2bkwd: 
OI 
andb 
Idb 
EI 
br 
p2fwd: 
OI 
orb 
ldb 
EI 


cmp 
Jlt 
ld 
clr 
get_v.l~: 


ld 
ld 
Id 
ld 
ld 
-add 
addc 
sub 


port2 •• 01111111B 
pwm_control,rpwr 


port2 •• 10000000B 
pwm_control.rpwr 


time 
err+2, 
zero 
end....p 
end....p 


nxt....Pos•• <32+pos_table) 
get_val~ 
nxt....Pos•• pos_table 
time+2 


des....Pos.[nxt""pos]+ 
des_po~+2. 
[nxt_pos]+ 
des_time+2. 
[nxt""pos]+ 
max_pwr. 
[nxt""pos]+ 
ma x_br 
k I ma x-pwr 
des....Pos.offset 
des....P0s+2.zero 
last....Pos_err.des....Pos.position 


MAIN_PROG: 
orb 
Jbc 
andb 
xorb 
call 


iosl_bak. 
iosl 
iosl_bak.6. 
control 
iosl 
bak •• l01111118 
Portl •• 000l0000B 
HSI_OATA_INT 


clear 
iosl 
bak.6 
; 
Compl 
Bit 
PI. 4 
prevent 
lockup 


280F 
734 
control: 
_. 


280F 912008 
735 
orb 
int_mask.*00101101B 
; 
enable 
hsL 
hso, 
SlOt. tovf 
interrupts l 
2812 FD 
736 
nop 
2813 FD 
737 
nop 
2814 FD 
738 
nop 
@J 


2815 E06FFD 
739 
dJnz 
main_dly •• 
2818 FD 
740 
nop 
2819 95080F 
741 
xorb 
portl.*00001000B 
; 
eomp Iiment pI.3 
281C 27E2 
742 
BR 
MAIN_PROG 
743 
744 
2900 
745 
CSEG AT 2900H 
746 
2900 
747 
pos_ table: 
748 
2900 
00000000 
749 
del 
OOOOOOOOH 
; 
position 
0 
2904 
20008000 
750 
dew 
0020H. 
0080H 
; 
next 
time, 
power 
2908 OOCOOOOO 
751 
del 
OOOOeOOOH 
; 
position 
1 
290C 
40004000 
752 
dew 
0040H. 
0040H 
; 
next 
time, 
power 
2910 00000000 
753 
del 
OOOOOOOOH 
; 
position 
2 
2914 6000COOO 
754 
dew 
OOtlOH.'OOeOH 
; 
next 
time, 
power 
2918 0080FFFF 
755 
del 
OFFFF8000H 
; 
position 
3 
291C 80008000 
756 
dew 
0080H. 
0080H 
; 
next 
time, 
power 
757 
3: 
~ 
2920 00080000 
758 
del 
00000800H 
; 
position 
4 
(") 
CJ) 
0 
2924 
58008000 
759 
dew 
0058H. 
0080H 
; 
next 
time, 
power 
@ 


"" 
2928 00300000 
760 
del 
00003000H 
; 
position 
5 
I 
CD 
292C 
7000FFOO 
761 
dew 
0070H. 
OOffH 
; 
next 
time, 
power 
Q) 
2930 00000000 
762 
del 
OOOOOOOOH 
; 
position 
6 
2934 
9000FOOO 
763 
dew 
0090H. 
OOfOH 
; 
next 
time, 
power 
2938 00000000 
764 
del 
OOOOOOOOH 
; 
position 
7 
293C 9100FOOO 
765 
dew 
0091H. 
OOfOH 
; 
next 
time, 
power 
766 
767 
2940 
768 
END 


ASSEMBLY 
COMPLETED. 
NO ERRORCS) 
FOUND. 
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The MCSIIJ)·SIfamily of 8-bit microcontrollers 
consists of 
the devices 
listed in Table 
I, all of which are based on 
the MCS·S1 architecture shown in Figure 7-1. The original 
80S1 was built in HMOS 
I technology. 
The HMOS 
II 


version, 
which is the device currently 
in production, 
is 


called the 80S1AH. 
The term "80SI," 
however, 
is still 


often used to generically refer to all of the MCS·S1 family 
members. This is the case throughout 
this manual, except 
where specifically 
stated otherwise. 
Also for brevity, the 
term "80S2" 
is used to refer to both the 80S2 and the 
8032, unless otherwise 
noted. 


r-------- 
~f!1 
-: 
I 


I 
I 
I 
I 


PSEN 


ALE 
EA 


RST 


The newest MCS-51 members, 
the 8032 and 8052, have 
more on-chip 
memory 
and an additional 
16-bit timer/ 


counter. The new timer can be used as a timer, a counter, 
or to generate baud rates for the serial port. As a timer/ 
counter, it operates in either a 16-bit auto-reload 
mode or 
a 16-bit "capture" 
mode. This new feature is described 
in Section 7.6.2. 


Pinouts are shown in the individual data sheets and on the 
inside back cover of this handbook. 


ON-CHIP 
ON-CHIP 
PROGRAM 
DATA 
PART 
TECHNOLOGY 
MEMORY 
MEMORY 


8051 
HMOS 
4K-ROM 
128 


8031 
HMOS 
NONE 
128 


8751H 
HMOS I 
4K-EPROM 
128 


8OC51 
CHMOS 
4K-ROM 
128 


8OC31 
CHMOS 
NONE 
128 


8052 
HMOS 
8K-ROM 
256 


8032 
HMOS 
NONE 
256 


The major MCS<II-51 features are: 
• 
8-Bit CPU 


• 
On-Chip oscillator 
and clock circuitry 


• 
32 110 lines 


• 
64K address space for external data memory 


• 
64K address space for external program memory 


• 
Two 16-bit timer/counters 
(three on 8032/8052) 


• 
A five-source 
interrupt structure (six sources on 


803218052) with two priority levels 


• 
Full duplex serial port 


• 
Boolean processor 


The 8051 has separate address spaces for Program Mem- 
ory and Data Memory. 
The Program Memory can be up 


to 64K bytes long. The lower 4K (8K for 8052) may reside 
on-chip. The Data Memory can consist of up to 64K bytes 
of off-chip 
RAM, 
in addition 
to which it includes 
128 
bytes of on-chip RAM (256 bytes for the 8052), plus a 
number of "SFRs" 
(Special Function Registers) as listed 
below. 


Symbol 
Name 
Address 


*ACC 
Accumulator 
OEOH 


*B 
B Register 
OFOH 


*PSW 
Program 
Status Word 
ODOH 
SP 
Stack Pointer 
81H 
DPTR 
Data Pointer (con- 
83H 


slstlng of DPH and DPL 
82H 


*PO 
Port 0 
80H 


*P1 
Port 1 
90H 


Symbol 
Name 
Address 


*P2 
Port 2 
OAOH 


*P3 
Port 3 
OBOH 


*IP 
Interrupt 
Priority Control 
OB8H 


*IE 
Interrupt 
Enable Control 
OA8H 


TMOD 
Timer/Counter 
Mode 


Control 
89H 


*TCON 
Timer/Counter 
Control 
88H 


+*T2CON 
Timer/Counter 
2 Control 
OC8H 


THO 
Timer/Counter 
0 
(high byte) 
8CH 


TLO 
Timer/Counter 
0 
(low byte) 
8AH 


TH1 
Timer/Counter 
1 
(high byte) 
8DH 
TL1 
Timer/Counter 
1 
(low byte) 
8BH 


+TH2 
Timer/Counter 
2 
(high byte) 
OCDH 


+TL2 
Timer/Counter 
2 
(low byte) 
OCCH 
+ RCAP2H 
Timer/Counter 
2 Capture 


Register (high byte) 
OCBH 


+ RCAP2L 
Timer/Counter 
2 Capture 


Register (low byte) 
OCAH 
*SCON 
Serial Control 
98H 


SBUF 
Serial Data Buff 
99H 


PCON 
Power Control 
87H 


The SFRs marked with an asterisk (*) are both bit- and 
byte-addressable. 
The 
SFRs 
marked 
with 
a plus 
sign 
(+) are present 
in the 8052 only. The functions 
of the 


SFRs are described as follows. 


ACC is the Accumulator 
register. The mnemonics 
for ac- 
cumulator-specific 
instructions, 
however, 
refer to the ac- 
cumulator 
simply as A. 


The B register is used during multiply and divide opera- 
tions. For other instructions 
it can be treated as another 
scratch pad register. 


The PSW register contains program status information 
as 


detailed in Figure 7-2. 


The Stack Pointer register is 8 bits wide. It is incremented 
before data is stored during PUSH and CALL executions. 
While the stack may reside anywhere 
in on-chip RAM, 


the Stack Pointer is initialized 
to 07H after a reset. This 
causes the stack to begin at location 08H. 


The Data Pointer (DPTR) consists of a high byte (DPH) 
and a low byte (DPL). Its intended function is to hold a 
16-bit address. It may be manipulated 
as a 16-bit register 
or as two independent 
8-bit registers. 


PO, PI, 
P2 and P3 are the SFR latches of Ports 0, I, 2 
and 3, respectively. 


The Serial Data Buffer is actually two separate registers, 
a transmit buffer and a receive buffer register. When data 
is moved to SBUF, it goes to the transmit 
buffer where 
it is held for serial transmission. 
(Moving a byte to SBUF 
is what initiates the transmission.) 
When data is moved 
from SBUF, it comes from the receive buffer. 


Register pairs (THO, TLO), (THl, 
TLl), 
and (TH2, TL2) 
are the 16-bit counting registers for Timer/Counters 
0, I, 


and 2, respectively. 


The register 
pair (RCAP2H, 
RCAP2L) 
are the capture 
registers for the Timer 2 "capture 
mode." 
In this mode, 


in response to a transition 
at the 8052's T2EX pin, TH2 
and TL2 are copied into RCAP2H 
and RCAP2L. 
Timer 


(MSB) 
I 
CY 


2 also has a 16-bit auto-reload 
mode, and RCAP2H 
and 
RCAP2L hold the reload value for this mode. More about 
Timer 2's features in Section 7.6.2. 


Special 
Function 
Registers 
IP, 
IE, TMOD, 
TCON, 


TICON, 
SCON, 
and PeON 
contain 
control 
and status 
bits for the interrupt system, 
the timer/counters, 
and the 
serial port. They are described 
in later sections. 


XTALl and XTAL2 are the input and output of a single- 
stage on-chip inverter, which can be configured 
with off- 
chip components as a Pierce oscillator, as shown in Figure 
7-3. The on-chip circuitry, 
and selection of off-chip com- 
ponents to configure the oscillator are discussed in Section 


(LSB) 


P 
I 


Symbol 
Position 
Name and Significance 
Symbol 
Position 
Name and Significance 


CY 
PSW.7 
Carry flag. 
OV 
PSW.2 
Overllow 
flag. 


AC 
PSW.6 
Auxiliary 
Carry 
flag. 
PSW.l 
(reserved) 
(For BCD operations.) 
P 
PSW.O 
Parity tlag. 
SeVcleared 
by hardware each Instruc- 
tion cycle to Indicate an odd/even 
FO 
PSW.5 
Flag 0 
number of "one" bits in the accumu- 
(Available 
to the user for general 
lator, i.e., even parity. 
purposes.) 
Note- 
the contents 
of (RS1, RSO) enable the working 
register 
RSl 
PSW.4 
Register bank Select control 
bits 1 & O. 
banks as follows: 
Set/cleared 
by software to determine 
(O.O)-Bank 
0 
(OOH-07H) 
RSO 
PSW.3 
working 
register bank (see Note). 
(O.l)-Bank 
1 
(08H-OFH) 
(1.0)-Bank 
2 
(10H-17H) 
(l.l)-Bank 
3 
(18H-1FH) 


7.13. A more detailed discussion 
will be found in Appli- 
cation Note AP-155, 
"Oscillators 
for Microcontrollers," 
which is included in this manual. 


phases, 
states, and machine cycles, 
which are described 
in the next section. 


The oscillator, 
in any case, drives the internal clock gen- 
erator. The clock generator provides the internal clocking 
signals to the chip. The internal clocking 
signals are at 
half 
the 
oscillator 
frequency, 
and define 
the 
internal 


A machine 
cycle consists 
of 6 states (12 oscillator 
pe- 
riods). Each state is divided into a Phase I half, during 
which the Phase 
I clock is active, 
and a Phase 2 half, 


I 


S1 I 
S2 I 
S3 I 
54 I 
S5 I 
56 I 
S1 I 
S2 
, 
S3 I 
54 I 
S5 I 
56 I 
S1 I 


~~~~~~~~~~.~~~~~~~~~~~~~~~~ 


I 
(A) l-byle, 
l-cycle 
Instruction, e.g., INC A. 
I 
I 
I 
I 
I 


I 
I 
I 
I 


READ 2ND BYTE·I. 
[.R:~ 
NEXT OPCODE. 


READ OPCODE. 


READ NEXT 
OPCODE 
(DISCARD). 


I 
(C) l-byte, 
2-cycle Insluclion, 
e.g.,mc 
DPTR. 
I 


READOPCODE 
(MOVX). 
READ NEXT 


OPCODE (DISCARD) 


IAD DR 
DATA 


ACCESS EXTERNAL MEMORY 


during which the Phase 2 clock is active. Thus, a machine 
cycle consists 
of 12 oscillator 
periods, 
numbered 
SIPI 


(State I, Phase I), through S6P2 (State 6, Phase 2). Each 
phase lasts for one oscillator 
period. Each state lasts for 


two oscillator 
periods. 
Typically, 
arithmetic 
and logical 


operations take place during Phase I and internal register- 
to-register transfers take place during Phase 2. 


The diagrams in Figure 7-4 show the fetch/execute 
timing 


referenced 
to the internal states and phases. 
Since these 


internal clock signals are not user accessible, 
the XTAL2 


oscillator signal and the ALE (Address Latch Enable) sig- 
nal are shown for external 
reference. 
ALE is normally 


activated 
twice during each machine cycle: once during 


SIP2 and S2PI, 
and again during S4P2 and SSP!. 


Execution of a one-cycle instruction begins at SIP2, when 
the opcode is latched into the Instruction 
Register. 
If it is 


a two-byte instruction, 
the second byte is read during S4 


of the same machine cycle. If it is a one-byte instruction, 
there is still a fetch at S4, but the byte read (which would 
be the next opcode), 
is ignored, and the Program Counter 


is not incremented. 
In any case, execution 
is complete at 


INT. BUS 


WRITE 
TO 
LATCH 


WRITE 
TO 
LATCH 


the end of S6P2. Figures 7-4A and 7-4B show the timing 
for a I-byte, 
I-cycle instruction 
and for a 2-byte, 
I-cycle 


instruction. 


Most 8051 instructions 
execute in one cycle. MUL (mul- 
tiply) and DIV (divide) are the only instructions 
that take 


more than two cycles to complete. 
They take four cycles. 


Normally, two code bytes are fetched from Program Mem- 
ory during every machine 
cycle. The only exception 
to 


this is when a MOVX instruction 
is executed. 
MOVX is 


a I-byte 
2-cycle instruction 
that accesses 
external 
Data 


Memory. During a MOVX, two fetches are skipped while 
the external Data Memory is being addressed and strobed. 
Figures 7-4C and 7-40 
show the timing for a normal 
1- 


byte, 2-cycle instruction 
and for a MOVX instruction. 


All four ports in the 8051 are bidirectional. 
Each consists 


of a latch (Special Function Registers PO through P3), an 
output driver, and an input buffer. 


INT. BUS 


WRITE 
TO 
LATCH 


ALTERNATE 
OUTPUT 
FUNCTION 


ALTERNATE 
INPUT 
FUNCTION 


(0) PORT 3 BIT 


Figure 7-5. 8051 Port Bit Latches and I/O Buffers 


·See Figure 7-6 for details of the internal pullup. 


The output drivers of Ports 0 and 2, and the input buffers 
of Port 0, are used in accesses to external memory. In this 
application, 
Port 0 outputs the low byte of the external 
memory 
address, 
time-multiplexed 
with the byte being 
written or read. Port 2 outputs the high byte of the external 
memory address when the address is 16 bits wide. Oth- 
erwise the Port 2 pins continue to emit the P2 SFR content. 


All the Port 3 pins, and (in the 8052) two Port I pins are 
multifunctional. 
They are not only port pins, but also serve 
the functions of various special features as listed below: 


PORT PIN ALTERNATE FUNCTION 
·P1.0 
T2 (Timer/Counter 
2 
external input) 
T2EX (Timer/Counter 
2 
capture/reload 
trigger) 
RXD (serial Input port) 
TXD (serial output port) 
INTO (external 
Interrupt) 
INT1 (external 
interrupt) 
TO (Timer/Counter 
0 external 
input) 
T1 (Timer/Counter 
1 external 
Input) 
WR (external Data memory 
write strobe) 
RD (external 
Data memory 
read strobe) 


*p 1.0 and P 1.1 serve these alternate functions only on the 
8052. 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 


The alternate 
functions 
can only be activated 
if the cor- 
responding 
bit latch in the port SFR contains 
a I. Oth- 
erwise the port pin is stuck at O. 


Figure 7-5 shows a functional 
diagram 
of a typical bit 
latch and 110 buffer in each of the four ports. The bit latch 
(one bit in the port's 
SFR) is represented 
as a Type D 
flip-flop, which will clock in a value from the internal bus 
in response 
to a "write 
to latch" 
signal from the CPU. 


The Q output of the flip-flop is placed on the internal bus 
in response to a "read 
latch" 
signal from the CPU. The 
level of the port pin itself is placed on the internal bus in 
response 
to a "read 
pin" 
signal from the CPU. 
Some 
instructions 
that read a port activate 
the "read 
latch" 
signal, and others activate the "read 
pin" 
signal. More 
about that in Section 7.4.4. 


As shown in Figure 7-5, the output drivers of Ports 0 and 
2 are switchable to an internal ADDR and ADDRIDATA 
bus by an internal CONTROL 
signal for use in external 
memory accesses. 
During external memory accesses, 
the 


P2 SFR remains unchanged, 
but the PO SFR gets Is written 
to it. 


Also shown in Figure 7-5, is that if a P3 bit latch contains 
a I, then the output level is controlled by the signal labeled 
"alternate 
output function." 
The actual P3.X pin level is 


always available 
to the pin's 
alternate 
input function, 
if 
any. 


Ports I, 2, and 3 have internal pull-ups. 
Port 0 has open- 


drain outputs. Each 110 line can be independently 
used as 


an input or an output. (Ports 0 and 2 may not be used as 
general purpose 110 when being used as the ADDRIDATA 
BUS). 
To be used as an input, 
the port bit latch must 


contain a I, which turns off the output driver FET. Then, 
for Ports 1,2, 
and 3, the pin is pulled high by the internal 


pull-up, but can be pulled low by an external source. 


Port 0 differs in not having internal pullups. 
The pullup 


FET in the POoutput driver (see Figure 7-5A) is used only 
when the Port is emitting 
Is during external memory ac- 


cesses. Otherwise the pullup FET is off. Consequently 
PO 


lines that are being used as output port lines are open 
drain. Writing a I to the bit latch leaves both output FETs 
off, so the pin floats. In that condition 
it can be used as 


a high-impedance 
input. 


Because Ports I, 2, and 3 have fixed internal pullups they 
are sometimes 
called "quasi-bidirectional" 
ports. When 
configured as inputs they pull high and will source current 
(IlL, in the data sheets) when externally 
pulled low. Port 
0, on the other hand, is considered 
"true" 
bidirectional, 


because when configured 
as an input it floats. 


All the port latches in the 8051 have Is written to them 
by the reset function. 
If a 0 is subsequently 
written to a 
port latch, it can be reconfigured 
as an input by writing 
a I to it. 


In the execution 
of an instruction 
that changes the value 
in a port latch, the new value arrives at the latch during 
S6P2 of the final cycle of the instruction. 
However, 
port 
latches are in fact sampled 
by their output buffers only 


during Phase I of any clock period. (During Phase 2 the 
output buffer holds the value it saw during the previous 
Phase I). Consequently, 
the new value in the port latch 
won't actually appear at the output pin until the next Phase 
I, which will be at SIPI 
of the next machine cycle. 


If the change requires a O-to-I transition 
in Port I, 2, or 


3, an additional 
pull-up 
is turned 
on during 
SIPI 
and 


SIP2 of the cycle in which the transition 
occurs. This is 


done to increase the transition 
speed. The extra pull-up 
can source about 
I()() times the current 
that the normal 


pull-up can. It should be noted that the internal pull-ups 
are field-effect 
transistors, 
not linear resistors. 
The pull- 


up arrangements 
are shown in Figure 7-6. 


In HMOS versions of the 8051, the fixed part of the pull- 
up is a depletion-mode 
transistor 
with the gate wired to 


the source. 
This transistor 
will allow the pin to source 


2 OSC. 
PERIODS 


QcJ~ ~ 


A. HMOS Configuration. 
The enhancement 
mode transistor Is turned 
on for 2 osc. periods after a makes a 1-to-0 transition. 


6 
FROM 
PORT 
LATCH 


B. CHMOS Configuration. 
pFET 1 is turned on for 2 osc. 
periods after a makes a 1-to-0 transition. 
During this 
time, pFET 1 also turns on pFET 3 through the inverter 
to form a latch which holds the 1. pFET 21s also on. 


Figure 7~6. Ports 1 and 3 HMOS and CHMOS Internal Pull-up Configurations. 


Port 2 Is similar 
except that It holds the strong 
pullup on while emitting 
ls that are address 
bits. 


(See text, "Accessing 
External Memory.") 


about 0.25 mA when shorted to ground. 
In parallel with 


the 
fixed 
pull-up 
is an enhancement-mode 
transistor, 
which is activated during S I whenever 
the port bit does 
a O-to-l transition. 
During this interval, 
if the port pin is 
shorted to ground, 
this extra transistor will allow the pin 
to source an additional 
30 mA. 


In the CHMOS 
versions, 
the pull-up 
consists 
of three 
pFETs. It should be noted that an n-channel FET (nFET) 
is turned on when a logical 
1 is applied to its gate, and 
is turned off when a logical 0 is applied to its gate. A p- 
channel FET (pFET) is the opposite: it is on when its gate 
sees a 0, and off when its gate sees a I. 


pFET I in Figure 7-6B is the transistor 
that is turned on 
for 2 oscillator periods after a O-to-I transition in the port 
latch. While it's on, it turns on pFET 3 (a weak pull-up), 
through the inverter. This inverter and pFET form a latch 
which hold the 1. 


Note that if the pin is emitting 
ai, 
a negative glitch on 
the pin from some external source can turn off pFET 3, 
causing the pin to go into a float state, pFET 2 is a very 
weak pull-up which is on whenever 
the nFET is off, in 
traditional CMOS style. It's only about 1110 the strength 
of pFET3. Its function is to restore a 1 to the pin in the 
event the pin had a 1 and lost it to a glitch. 


The output buffers of Ports I, 2, and 3 can each drive 4 
LS ITL 
inputs. 
These ports on HMOS versions can be 


driven in a normal manner by any ITL 
or NMOS circuit. 


Both HMOS and CHMOS 
pins can be driven by open- 


collector and open-drain outputs, but note that O-to-I tran- 
sitions will not be fast. In the HMOS device, 
if the pin 
is driven by an open collector 
output, a O-to-I transition 
will have to be driven by the relatively 
weak depletion 
mode FET in Figure 7-6(A). 
In the CHMOS device, 
an 
input 0 turns off pull-up pFET3, 
leaving only the very 


weak pull-up pFET2 to drive the transition. 


Port 0 output buffers can each drive 8 LS ITL 
inputs. 


They 
do, 
however, 
require 
external 
pull-ups 
to drive 


NMOS inputs, except when being used as the ADDRESS/ 
DATA bus. 


Some instructions that read a port read the latch and others 
read the pin. Which ones do which? The instructions 
that 
read the latch rather than the pin are the ones that read 
a value, possibly change it, and then rewrite it to the latch. 
These are called 
"read-modify-write" 
instructions. 
The 


instructions 
listed below 
are read-modify-write 
instruc- 
tions. When the destination 
operand 
is a port, or a port 
bit, these instructions 
read the latch rather than the pin: 


(logical AND, e.g., ANL P1,A) 
(logical OR, e.g., ORL P2,A) 
(logical EX-OR, e.g., XRL 
P3,A) 
(jump if bit = 1 and clear bit, 
e.g., JBC P1.1, LABEL) 
(complement 
bit, e.g., CPL 
P3.0) 
(Increment, 
e.g., INC P2) 
(decrement, 
e.g., DEC P2) 
(decrement 
and jump if not 
zero, e.g., DJNZ P3, LABEL) 
MOV PX.Y,C (move carry bit to bit Y of 
Port X) 
CLR PX.Y 
(clear bit Y of Port X) 
SET PX.Y 
(set bit Y of Port X) 


ANL 
ORL 
XRL 


INC 
DEC 
DJNZ 


It is not obvious that the last three instructions 
in this list 
are read-modify-write 
instructions, 
but they are. They read 
the port byte, all 8 bits, modify the addressed 
bit, then 
write the new byte back to the latch. 


The reason that read-modify-write 
instructions are directed 
to the latch rather 
than the pin is to avoid a possible 
misinterpretation 
of the voltage level at the pin. For ex- 


ample, 
a port bit might be used to drive the base of a 


transistor. When a I is written to the bit, the transistor is 


turned on. If the CPU then reads the same port bit at the 
pin rather than the latch, it will read the base voltage of 
the transistor 
and interpret 
it as a O. Reading 
the latch 


rather than the pin will return the correct value of I. 


Accesses 
to external memory 
are of two types: accesses 


to external Program Memory and accesses to external Data 
Me~ 
Accesses to external Program Memory use sig- 


nal PSEN (program 
store enable) as the read strobe. Ac- 
cesses to external Data Memory use RD or WR (alternate 
functions of P3.7 and P3.6) to strobe the memory. 


Fetches from external Program Memory always use a 16- 
bit address. 
Accesses 
to external 
Data Memory 
can use 


either a 16-bit address (MOVX @DPTR) 
or an 8-bit ad- 


dress (MOVX @Ri). 


Whenever 
a 16-bit address is used, the high byte of the 


address 
comes 
out on Port 2, where it is held for the 


duration of the read or write cycle. Note that the Port 2 
drivers use the strong pullups during the entire time that 
they are emitting address bits that are Is. This is during 
the execution 
of a MOVX 
@DPTR 
instruction. 
During 


this time the Port 2 latch (the Special Function Register) 
does not have to contain 
Is, and the contents of the Port 


2 SFR are not modified. 
If the external memory cycle is 


not immediately 
followed 
by another 
external 
memory 


cycle, 
the undisturbed 
contents 
of the Port 2 SFR will 


reappear 
in the next cycle. 


If an 8-bit address is being used (MOVX @Ri), the con- 
tents of the Port 2 SFR remain at the Port 2 pins throughout 
the external memory cycle. This will facilitate paging. 


In any case, the low byte of the address is time-multiplexed 
with the data byte on Port O. The ADDRIDATA 
signal 


drives both FETs in the Port 0 output buffers. 
Thus, 
in 


this application the Port 0 pins are not open-drain outputs, 
and do not require external pull-ups. 
Signal ALE (address 


latch enable) should be used to capture the address byte 
into an external 
latch. The address 
byte is valid at the 


negative 
transition 
of ALE. Then, 
in a write cycle, 
the 


data byte to be written appears on Port 0 just before WR 
is activated, 
and remains there until after WR is deacti- 


vated. In a read cycle, the incoming 
byte is accepted 
at 


Port 0 just before the read strobe is deactivated. 


During any access to external 
memory, 
the CPU writes 


OFFH to the Port 0 latch (the Special Function Register), 
thus obliterating whatever information the Port 0 SFR may 
have been holding. 


External Program Memory is accessed under two conditions: 


I) Whenever 
signal EA is active; or 


2) Whenever the program counter (PC) contains a number 


that is larger than OFFFH (IFFFH 
for the 8052). 


low to enable the lower 4K (8K for the 8032) program 
bytes to be fetched from external memory. 


When the CPU is executing out of external Program Mem- 
ory, all 8 bits of Port 2 are dedicated to an output function 
and may not be used for general 
purpose 
110. During 
external program fetches they output the high byte of the 
PC. During 
this time the Port 2 drivers use the strong 
pullups to emit PC bits that are Is. 


The read strobe for external 
fetches 
is PSEN. 
PSEN is 
not activated 
for internal fetches. 
When the CPU is ac- 
cessing 
external 
Program 
Memory, 
PSEN 
is activated 
twice every cycle (except 
during 
a MOVX 
instruction) 
whether or not the byte fetched is actually needed for the 
current instruction. 
When PSEN is activated its timing is 
not the same as RD. A complete 
RD cycle, 
including 
activation 
and deactivation 
of ALE and RD, 
takes 
12 


oscillator periods. A complete PSEN cycle, including ac- 
tivation 
and deactivation 
of ALE 
and PSEN, 
takes 
6 
oscillator periods. 
The execution 
sequence for these two 
types 
of read 
cycles 
are 
shown 
in Figure 
7-7 
for 
comparison. 


7.5.2 ALE 


The main function of ALE is to provide a properly timed 
signal to latch the low byte of an address from PO to an 
external latch during fetches from external Program Mem- 
ory. For that purpose ALE is activated twice every ma- 
chine cycle. 
This activation 
takes place even when the 
cycle involves no external fetch. The only time an ALE 
pulse doesn't 
come out is during 
an access to external 
Data Memory. 
The first ALE of the second cycle of a 
MOVX 
instruction 
is missing 
(see Figure 7-7). 
Conse- 


quently, 
in any system that does not use external 
Data 
Memory, 
ALE is activated 
at a constant 
rate of 1/6 the 
oscillator frequency, 
and can be used for external clocking 
or timing purposes. 


(A) 
WITHOUT 
A 
MOVX. 


I, 


t.PCL OUT 
VALID 


I 
I 


tPCLOUT 
VALID 


r-CYCLE1 
"I' 
I 51 I 5£ I 53 I 54 I 55 I 56 
51 


P5EN 


RD -------------- 


I, 


tPCLOUT 
VALID 


I 
I 
t.PCLOUT 
VALID 


(B) 
WITH A 
MOVX. 


t.PCLOUT 
VALID 
t.ADDR6uT 
VALID 
tPCLOUT 
VALID 


, .OJ.oJ vyt=ru.pplng 
eXlernal rrogram 
ana 
Data Memory Spaces 


In some applications 
it is desirable to execute a program 
from the same physical memory that is being used to store 
data. In the 8051, the external Program and Data Memory 
spaces can be combined 
by ANDing 
PSEN and RD. A 
positive-logic 
AND of these two signals produces an ac- 
tive-low 
read strobe that can be used for the combined 
E!!}'sical memory. Since the PSEN cycle is faster than the 
RD cycle, the external memory needs to be fast enough 
to accommodate 
the PSEN cycle. 


The 8051 has two 16-bit timer/counter 
registers: 
Timer 
o and Timer 
I. The 8052 has these two plus one more: 


Timer 2. All three can be configured 
to operate either as 


timers or event counters. 


In the "timer" 
function, the register is incremented 
every 
machine 
cycle. 
Thus, 
one can think of it as counting 
machine 
cycles. 
Since a machine 
cycle consists 
of 12 


oscillator 
periods, 
the count rate is 1/12 of the oscillator 
frequency. 


In the "counter" 
function, 
the register is incremented 
in 
response to a I-to-O transition at its corresponding 
external 
input pin, TO, TI or (in the 8052) TI. 
In this function, 


the external 
input is sampled during S5P2 of every ma- 
chine cycle. When the samples show a high in one cycle 
and a low in the next cycle, the count is incremented. 
The 
new count value appears 
in the register 
during S3PI 
of 
the cycle following 
the one in which the transition 
was 
detected. 
Since it takes 2 machine 
cycles (24 oscillator 
periods) 
to recognize 
a I-to-O transition, 
the maximum 
count rate is 1/24 of the oscillator 
frequency. 
There are 


no restrictions 
on the duty cycle 
of the external 
input 


signal, but to ensure that a given level is sampled at least 
once before it changes, 
it should be held for at least one 


full machine cycle. 


In addition to the "timer" 
or "counter" 
selection, Timer 
o and Timer I have four operating 
modes from which to 


select. Timer 2, in the 8052, has three modes of operation: 
"capture," 
"auto-reload" 
and "baud 
rate generator." 


These timer/counters 
are present in both the 8051 and the 
8052. The "timer" 
or "counter" 
function is selected by 


control bits cii' in the Special Function Register TMOD 
(Figure 6-8). These two timer/counters 
have four operating 


modes, 
which 
are selected 
by bit-pairs 
(MI, 
MO) in 
TMOD. 
Modes 0, I, and 2 are the same for both timer/ 


counters. 
Mode 3 is different. 
The four operating modes 


are described below. 


Putting either Timer into mode 0 makes it look like an 
8048 Timer, 
which is an 8-bit counter with a divide-by- 
32 prescaler. 
Figure 7-9 shows the mode 0 operation 
as 


it applies to Timer I. 


In this mode, the timer register is configured 
as a 13-bit 
register. 
As the count rolls over from all Is to aliOs, 
it 
sets the timer interrupt 
flag TFI. 
The counted 
input is 


enabled to the Timer when TRI 
= I and either GATE 
= 0 or INTI 
= I. (Setting GATE = I allows the Timer 
to be controlled by external input INT I, to facilitate pulse 
width measurements.) 
TRI is a control bit in the Special 
Function 
Register 
TCON 
(Figure 
7-10). 
GATE 
is in 
TMOD. 


'"-------'./__-----A------_-...,r_------ 


TIMER 1 
TIMER 0 


Gating 
control 
When set. Timer/counter 


"x" '5 enabled 
only while "INTx" 
pin is 
high and "TRx" 
control 
pin is set. When 
cl•• red Tlmer"x" 
Is enabled 
whenever 
"TRx" 
control 
bit Is set 


Timer 
or Counter 
Selector 
Cleared 
tor 
Timer operation 
(input from internal 
system 
clock). 
Set 'or Counter 
opera- 
tion (input from "Tx" input pin). 


Operating 
Mode 
MCS-48 Timer "TLx" 
aervee es flve-bll 
pr.acaler. 
16 bit Timer/Counter 
"THx" 
and 


"TLx"are 
cascaded; 
there II no presealer 
a-bit auto-reload 
t1mer-counter 
"THK" 


holds a value which 
is to be reloaded 
into "TLx" 
each time it overflows. 


(Timer 0) 
l:LO Is an eight-bit 
timer 
counter-controlled 
by the 
standard 
Timer 
0 control 
bits 
THO Is an elght-blltlmer 
only controlled 
by Timer 1 
control 
bits. 


(Timer 
1) Timer-counter 
1 stopped. 


The 13-bit register consists of all 8 bits of TH I and the 
lower 5 bits of TLI. 
The upper 3 bits of TLI are inde- 
terminate and should be ingored. Setting the run flag (TRI) 
does not clear the registers. 


Mode 0 operation 
is the same for Timer 0 as for Timer 


I. Substitute TRO, TFO and INTO for the corresponding 
Timer 
I signals 
in Figure 7-9. There are two different 


GATE bits, one for Timer I (TMOD.7) 
and one for Timer 


o (TMOD.3). 


MODE 1 


Mode 
I is the same as Mode 0, except that the Timer 


register is being run with all 16 bits. 


Mode 2 configures 
the timer register as an 8-bit counter 


(TLI) 
with automatic 
reload, 
as shown in Figure 7-11. 


Overflow from TLI 
not only sets TFI, 
but also reloads 


TLI with the contents of TH I, which is preset by software. 
The reload leaves THI unchanged. 


Timer I in Mode 3 simply holds its count. The effect is 
the same as setting TR I = O. 


_______ t clf = 1 


T1 PIN 
J 


(MSB) 


TF1 


Symbol 
Position 
Name and Significance 


TF1 
TCON.7 
Timer 1 overllow 
Flag. Set by hardware 
on timer/counter 
overflow. Cleared 
by hardware when processor 
vector. 
to Interrupt routine. 


TRl 
TCON.6 
Timer 1 Run control bit. set/cleared 
by software to turn timer/counter 
on/off. 


TFO 
TCON.5 
Timer 0 overflow Flag. Set by hardware 
on timer/counter 
overflow. Cleared 
by hardware when processor 
vector. 
to Interrupt 
routine. 


TRO 
TCON.4 
Timer 0 Run control 
bit. SeVcleared 
by 
software to turn timer/counter 
on/off. 


(LSB) 


liTO 
I 


Symbol 
Position 
Name and Significance 


IE1 
TCON.3 
Interrupt 
1 Edge IIag. Set by hardware 
when external 
Interrupt 
edge detected. 


Cleared when Interrupt processed. 


In 
TCON.2 
Interrupt 
1 Type control 
bit. SeVcleared 
by sollware 
to specify failing edge/low 
level triggered extemallnterrupts. 
IEO 
TCON.1 
Interrupt 
0 Edge IIag. Set by hardware 
when extemallnterrupl 
edge detected. 


Cleared when interrupt processed. 
ITO 
TCON.O 
Interrupt 
0 Type control 
bit. SeVcleared 
by so"ware 
10 specify failing edge/low 
level 
triggered external interrupts. 


Timer 0 in Mode 3 establishes 
TLO and THO as two sep- 
arate counters. The logic for Mode 3 on Timer 0 is sho~n 
in Figure 7-12. TLO uses the Timer 0 control bits: crr, 
GATE, TRO, INTO, and TFO. THO is locked into a timer 
function (counting machine cycles) and takes over the use 
of TRI and TFI from Timer 1. Thus, THO now controls 
the "Timer 
1" interrupt. 


Mode 3 is provided for applications 
requiting 
an extra 8- 
bit timer or counter. 
With Timer 0 in Mode 3, an 8051 


can look like it has three timer/counters, 
and an 8052, like 


it has four. When Timer 0 is in Mode 3, Timer 1 can be 


_______ 
1 elf = 1 


T1 PIN 
- 


turned on and off by switching 
it out of and into its own 


Mode 3, or can still be used by the serial port as a baud 
rate generator, or in fact, in any application 
not requiring 


an interrupt. 


Timer 2 is a 16-bit timer/counter 
which is present only in 


the 8052. Like Timers 0 and 1, it can operate either as a 
timer 
or as an event 
counter_This 
is selected 
by bit 
cm in the Special 
Function 
Register 
TICON 
(Figure 


7-13). 
It has three operating 
modes: 
"capture," 
"auto- 


ose ~B---- 
1/12 lose 


1/12 lose 


(MSB) 


TF2 
EXF2 


Symbol 
Position 


TF2 
T2CON.7 


EXF2 
T2CON.6 


RCLK 
T2CON.5 


TCLK 
T2CON.4 


EXEN2 
T2CON.3 


TR2 
T2CON.2 


C/T2 
T2CON.1 


CP/RL2 
T2CON.O 


(LSB) 


CP/RL2 


Name 
and Significance 


Timer 
2 overflow 
IIag set by a Timer 
2 overflow 
and must 
be cleared 
by soft- 
ware. 
TF2 will not be set when 
either 
RCLK 
: 1 or TCLK 
: 1. 


Timer 
2 external 
IIag set when 
either 
a capture 
or reload 
Is causad 
by a negative 
transition 
on T2 EX and EXEN2: 
1. Whan Timer 
2 Interrupt 
Is enabled, 
EXF2: 
1 
will 
cause 
the 
CPU 
to vector 
to the Timer 
2 Interrupt 
routine. 
EXF2 
must 
be 
cleared by software. 


Receive 
clock 
IIag. 
When 
set, causes 
the serial 
porf 
to use Timer 
2 overflow 
pulses 
lor Its receive 
clock 
In modes 
1 and 3. RCLK 
: 0 causes 
Timer 
1 overflow 
to be used lor the receive 
clock. 


Transmit 
clock 
flag. When 
set, causes 
the serial port to use Timer 
2 overflow 
pulses 
lor Its transmit 
clock 
In modes 
1 and 3. TCLK 
: 0 causes 
Timer 
1 over- 
IIows 
to be used for the transmit 
clock. 


Timer 2 external enable flag. When set, allows a capture or reload to occur as a 
result 
of a negative 
transition 
on T2EX If Timer 
21s not being 
used to clock 
the 
serial 
porf. 
EXEN2 
: 0 causes 
Timer 
2 to ignore 
events 
at T2EX. 


Starflstop 
control 
for Timer 
2. A logic 
1 starts 
the timer. 


Timer 
or counter 
select. 
(Timer 
2) 
0: 
Internal 
timer 
(OSC/12) 
1 : External 
event 
counter 
(Ialllng 
edge triggered). 


load" 
and "baud 
rate generator," 
which are selected by 


bits in TICON 
as shown in Table 2. 


Capture/Reload 
IIag. When 
set, captures 
will 
occur 
on negative 
transitions 
at 
T2EX 
If EXEN2: 
1. When 
cleared, 
auto 
reloads 
will 
occur 
either 
with 
Timer 
2 
overflows 
or negative 
transitions 
at T2EX when 
EXEN2: 
1. When either 
RCLK 


: 1 or TCLK 
: 1, this 
bit Is ignored 
and the timer 
Is forced 
to auto-reload 
on 
Timer 
2 overflow. 


RCLK+TCLK 
CP/RL2 
TR2 
MODE 


0 
0 
I 
16-bit auto-reload 


0 
I 
I 
16-bit capture 


1 
X 
I 
baud rate generator 
X 
X 
0 
(off) 


In the capture mode there are two options which are se- 
lected by bit EXEN2 
in TICON. 
If EXEN2 
= 0, then 
Timer 2 is a 16-bit timer or counter 
which upon over- 


flowing sets bit TF2, the Timer 2 overflow bit, which can 
be used to generate 
an interrupt. 
If EXEN2 
= I, then 
Timer 2 still does the above, but with the added feature 
that a I-to-O transition 
at external input TIEX 
causes the 


current value in the Timer 2 registers, 
TL2 and TH2, to 
be captured 
into registers 
RCAP2L 
and RCAP2H, 
re- 


spectively. (RCAP2L and RCAP2H are new Special Func- 
tion Registers 
in the 8052.) In addition, 
the transition 
at 
T2EX causes bit EXF2 in T2CON to be set, and EXF2, 
like TF2, can generate an interrupt. 


The capture mode is illustrated 
in Figure 7-14. 


In the auto-reload mode there are again two options, which 
are selected by bit EXEN2 
in TICON. 
If EXEN2 = 0, 


then when Timer 2 rolls over it not only sets TF2 but also 
causes the Timer 2 registers 
to be reloaded 
with the 16- 
bit value in registers RCAP2L 
and RCAP2H, 
which are 


preset by software. 
If EXEN2 
= I, then Timer 2 still 
does the above, but with the added feature that a I-to-O 
transition at external input TIEX 
will also trigger the 16- 
bit reload and set EXF2. 


The baud rate generator 
mode is selected by RCLK 
= 1 
and/or TCLK 
= 1. It will be described 
in conjunction 
with the serial port. 


The serial port is full duplex, meaning it can transmit and 
receive simultaneously. 
It is also receive-buffered, 
mean- 
ing it can commence 
reception 
of a second byte before 
a previously received byte has been read from the receive 
register. (However, 
if the first byte still hasn't been read 
by the time reception of the second byte is complete, 
one 
of the bytes will be lost). 
The serial port receive 
and 
transmit registers 
are both accessed 
at Special Function 
Register SBUF. Writing to SBUF loads the transmit reg- 


ister, and reading 
SBUF accesses 
a physically 
separate 
receive register. 


Mode 0: Serial data enters and exits through RXD. TXD 
outputs the shift clock. 8 bits are transmitted/received: 
8 
data bits (LSB first). The baud rate is fixed at 1/12 the 
oscillator frequency. 


Mode 1: 10 bits are transmitted (through TXD) or received 
(through RXD): a start bit (0), 8 data bits (LSB first), and 
a stop bit (I). 
On receive, 
the stop bit goes into RB8 in 
Special 
Function 
Register 
SCaN. 
The 
baud 
rate 
is 
variable. 


Mode 2: II bits are transmitted (through TXD) or received 
(through RXD): a start bit (0), 8 data bits (LSB first), a 
programmable 
9th data bit, and a stop bit (I). On transmit, 
the 9th data bit (TB8 in SCaN) 
can be assigned the value 
of 0 or I. Or, for example, 
the parity bit (P, in the PSW) 
could be moved into TB8. On receive, 
the 9th data bit 
goes into RB8 in Special Function Register SCaN, 
while 
the stop bit is ignored. The baud rate is programmable 
to 
either 1/32 or 1/64 the oscillator 
frequency. 


Mode 3: II bits are transmitted (through TXD) or received 
(through RXD): a start bit (0), 8 data bits (LSB first), a 
programmable 
9th data bit and a stop bit (1). In fact, 
Mode 3 is the same as Mode 2 in all respects except the 
baud rate. The baud rate in Mode 3 is variable. 


In all four modes, transmission 
is initiated by any instruc- 
tion that uses SBUF as a destination 
register. 
Reception 
is initiated in Mode 0 by the condition RI =0 and REN = I. 
Reception is initiated in the other modes by the incoming 
start bit if REN = I. 


Modes 2 and 3 have a special provision for multiprocessor 
communications. 
In these modes, 9 data bits are received. 
The 9th one goes into RB8. Then comes a stop bit. The 
port can be programmed 
such that when the stop bit is 
received, 
the serial port interrupt 
will be activated 
only 
if RB8 = I. This feature is enabled by setting bit SM2 
in SCaN. 
A way to use this feature 
in multiprocessor 
systems is as follows. 


When the master processor 
wants to transmit 
a block of 
data to one of several slaves, it first sends out an address 
byte which identifies 
the target slave. 
An address 
byte 
differs from a data byte in that the 9th bit is 1 in an address 
byte and 0 in a data byte. With SM2 = I, no slave will 
be interrupted by a data byte. An address byte, however, 
will interrupt 
all slaves, 
so that each slave can examine 
the received 
byte and see if it is being addressed. 
The 
addressed 
slave will clear its SM2 bit and prepare to re- 
ceive the data bytes that will be coming. The slaves that 
weren't 
being addressed 
leave their SM2s set and go on 
about their business, 
ignoring the coming data bytes. 


SM2 has no effect in Mode 0, and in Mode I can be used 
to check the validity of the stop bit. In a Mode I reception, 
if SM2 = 1, the receive interrupt 
will not be activated 
unless a valid stop bit is received. 


The serial port control and status register 
is the Special 
Function 
Register 
SCaN, 
shown 
in Figure 
7-16. 
This 
register contains not only the mode selection bits, but also 
the 9th data bit for transmit and receive (TB8 and RB8), 
and the serial port interrupt bits (TI and RI). 


I8'mi 
I 
SMO 
82. 
TI 
I 
RI 
I 


SMO 
SM1 
Mode 
Description 
Baud Rate 


0 
0 
shift register 
fosc.l12 
0 
1 
8-bitUART 
variable 
1 
0 
9·bilUART 
fosc.l64 
or 
fosc.l32 


3 
~It 
UART variable 


• TB8 
is the 
9th 
data 
bit 
that 
will 
be 
transmitted 
in modes 
2 and 3. Set 
or clear by software as desired. 


• RB8 
In modes 2 and 3, is the 9th data bit 
that was received. 
In mode 1, 
if 
5M2 = 0, RB8 is the stop bit that 
was 
received. 
In mode 
0, RBS Is 


not used. 


is transmit 
interrupt 
flag. 
set 
by 
hardware 
at the end of the 8th bit 
time In mode 0, or at the beginning 
of the stop bit in the other modes, 
in any serial transmission. 
Must be 
cleared by software. 


• 
5M2 
enables 
the 
multiprocessor 
com- 
munication 
feature in modes 2 and 
3. In mode 2 or 3, It 5M2 is set to 1 
then RI will not be activated 
if the 
received 9th data bit (RB8) Is O. In 
mode 
1, if 5M2 
= 1 then 
RI will 
not be activated 
if a valid stop bit 
was not received. 
In mode 0, 5M2 
should beO. 


Is receive 
Interrupt 
flag. 
Set by 
hardware at the end of the 8th bit 
time in mode 0, or halfway through 
the 
stop bit time in the 
other 


modes, in any serial reception 
(ex· 


cept 
see 5M2). 
Must 
be cleared 
by software. 


• 
REN 
enables 
serial reception. 
Set 
by 
software to enable reception. 
Clear 
by software to disable reception. 


Oscillator 
Frequency 


12 


The baud rate in Mode 2 depends 
on the value of bit 
SMOD 
in Special 
Function 
Register 
PeON. 
If SMOD 
= 0 (which is its value on reset), 
the baud rate is 1/64 
the oscillator 
frequency. 
If SMOD = I, the baud rate is 
1/32 the oscillator 
frequency. 


2SMOD 
Mode 2 Baud Rate = "64" x (Oscillator 
Frequency) 


In the 8051, the baud rates in Modes 
I and 3 are deter- 
mined by the Timer 
I overflow rate. In the 8052, these 
baud rates can be determined 
by Timer I, or by Timer 2, 
or by both (one for transmit and the other for receive). 


When Timer I is used as the baud rate generator, the baud 
rates in Modes 
I and 3 are determined 
by the Timer 
I 
overflow rate and the value of SMOD as follows: 


Modes 
I, 3 
2SMOD 
Baud Rate = -n x (Timer I Overflow 
Rate) 


The Timer 
I interrupt 
should be disabled 
in this appli- 
cation. 
The Timer 
itself 
can be configured 
for either 
"timer" 
or "counter" 
operation, 
and in any of its 3 run- 
ning modes. 
In the most typical applications, 
it is confi- 
gured 
for "timer" 
operation, 
in the auto-reload 
mode 
(high nibble of TMOD 
= OOIOB). In that case, the baud 
rate is given by the formula 


2SMOD 
Oscillator 
Frequency 
Modes 
I, 3 Baud Rate = -n x 
12x[256-(THI)] 


One can achieve 
very low baud rates with Timer 
I by 
leaving the Timer I interrupt enabled, and configuring the 
Timer to run as a 16-bit timer (high nibble of TMOD 


= OOOIB), and using the Timer I interrupt to do a 16-bit 
software reload. 


Figure 7-17 lists various commonly 
used baud rates and 
how they can be obtained from Timer 
I. 


TIMER 
1 


BAUD 
RATE 
lollC 
SMOD 
elT 
MODE 
RELOAD 
VALUE 
MODE 
0 MAX: 
1MHZ 
12MHZ 
X 
X 
X 
X 
MODE 
2 MAX: 
375K 
12MHZ 
1 
X 
X 
X 
MODES 
1.3: 62.5K 
12MHZ 
1 
0 
2 
FFH 
19.2K 
11.059 
MHZ 
1 
0 
2 
FDH 
9.6K 
11.059 
MHZ 
0 
0 
2 
FDH 
4.8K 
11.059 
MHZ 
0 
0 
2 
FAH 
2.4K 
11.059 
MHZ 
0 
0 
2 
F4H 
1.2K 
11.059 
MHZ 
0 
0 
2 
EBH 
137.5 
11.9B6MHZ 
0 
0 
2 
1DH 
110 
6MHZ 
0 
0 
2 
72H 
110 
12MHZ 
0 
0 
1 
FEEBH 


Figure 7-17. Timer 1 Generated 
Commonly 
Used Baud Rates 


In the 8052, Timer 2 is selected as the baud rate generator 
by setting TCLK and/or RCLK in TICON 
(Figure 7-13). 


Note then the baud rates for transmit and receive can be 
simultaneously 
different. 
Setting 
RCLK 
and/or 
TCLK 
puts Timer 2 into its baud rate generator mode, as shown 
in Figure 7-18. 


EXEN2 
LNOTE 
AVAILABILITY 
OF ADDITIONAL 
EXTERNAL 
INTERRUPT 


The baud rate generator mode is similar to the auto-reload 
mode, in that a rollover in TH2 causes the Timer 2 reg- 
isters to be reloaded 
with the 
16-bit value in registers 
RCAP2H and RCAP2L, 
which are preset by software. 


Now, the baud rates in Modes 1 and 3 are determined 
by 
Timer 2's overflow rate as follows: 


Timer 2 Overflow Rate 
Modes 1, 3 Baud Rate = 
16 


The 
Timer 
can 
be 
configured 
for 
either 
"timer" 
or 


"counter" 
operation. 
In the most typical applications, 
it 
is configured for "timer" 
operation (Cm 
= 0). "Timer" 
operation 
is a little different 
for Timer 2 when it's being 
used as a baud rate generator. Normally as a timer it would 
increment every machine cycle (thus at 1/12 the oscillator 
frequency). 
As a baud rate generator, 
however, 
it incre- 
ments every 
state time 
(thus at 1/2 the oscillator 
fre- 
quency). In that case the baud rate is given by the formula 


Modes I, 3 
Oscillator 
Frequency 
Baud Rate = 32x[65536 - (RCAP2H, 
RCAP2L)] 


where (RCAP2H, 
RCAP2L) 
is the content of RCAP2H 
and RCAP2L taken as a 16-bit unsigned 
integer. 


Timer 2 as a baud rate generator is shown in Figure 7-18. 
This Figure 
is valid only if RCLK + TCLK 
= I in 
T2CON. 
Note that a rollover 
in TH2 does not set TF2, 


and will not generate an interrupt. 
Therefore, 
the Timer 
2 interrupt does not have to be disabled when Timer 2 is 
in the baud rate generator mode. Note too, that if EXEN2 
is set, a I-to-O transition in T2EX will set EXF2 but will 
not cause a reload from (RCAP2H, 
RCAP2L) 
to (TH2, 


TL2). Thus when Timer 2 is in use as a baud rate gen- 
erator, T2EX can be used as an extra external interrupt, 
if desired. 


It should be noted that when Timer 2 is running (TR2 = 
I) in "timer" 
function in the baud rate generator 
mode, 
one should not try to read or write TH2 or TL2. Under 
these conditions 
the Timer 
is being incremented 
every 


state time, and the results of a read or write may not be 
accurate. The RCAP registers may be read, but shouldn't 
be written to, because a write might overlap a reload and 
cause write and/or reload errors. Turn the Timer off (clear 
TR2) before accessing the Timer 2 or RCAP registers, 
in 
this case. 


Serial data enters and exits through RXD. TXD outputs 
the shift clock. 8 bits are transmitted/received: 
8 data bits 


(LSB first). The baud rate is fixed at 1/12 the oscillator 
frequency. 


Figure 7-19 shows a simplified functional 
diagram of the 


serial port in mode 0, and associated 
timing. 


Transmission 
is initiated by any instruction that uses SBUF 
as a destination 
register. The "write 
to SBUF" 
signal at 
S6P2 also loads a 1 into the 9th bit position of the transmit 
shift register and tells the TX Control block to commence 
a transmission. 
The internal timing is such that one full 
machine cycle will elapse between "write to SBUF," 
and 
activation of SEND. 


SEND enables 
the output of the shift register 
to the al- 
ternate 
output 
function 
line of P3.0, 
and also enables 
SHIFf 
CLOCK 
to the alternate 
output function 
line of 
P3.1. 
SHIFf 
CLOCK 
is low during S3, S4, and S5 of 
every machine cycle, and high during S6, SI and S2. At 
S6P2 of every machine cycle in which SEND is active, 
the contents of the transmit shift register are shifted to the 
right one position. 


As data bits shift out to the right, zeros come in from the 
left. When 
the MSB 
of the data byte is at the output 
position of the shift register, 
then the 1 that was initially 
loaded into the 9th position, is just to the left of the MSB, 
and all positions 
to the left of that contain 
zeros. 
This 
condition 
flags the TX Control block to do one last shift 
and then deactivate 
SEND and set Tl. 
Both of these ac- 
tions occur at S IPI of the 10th machine cycle after "write 
to SBUE" 


Reception 
is initiated by the condition 
REN = I and RI 
= O. At S6P2 of the next machine cycle, the RX Control 
unit writes the bits 11111110 to the receive shift register, 
and in the next clock phase activates RECEIVE. 


RECEIVE enables SHIFT CLOCK to the alternate output 
function 
line of P3.1. 
SHIFf 
CLOCK makes transitions 
at S3PI 
and S6PI 
of every machine 
cycle. At S6P2 of 
every machine 
cycle in which RECEIVE 
is active, 
the 
contents of the receive shift register are shifted to the left 
one position. 
The value that comes in from the right is 
the value that was sampled at the P3.0 pin at S5P2 of the 
same machine cycle. 


As data bits come in from the right, 
Is shift out to the 
left. When the 0 that was initially loaded into the rightmost 
position arrives at the leftmost position in the shift register, 
it flags the RX Control block to do one last shift and load 
SBUF. At SIPI 
of the 10th machine cycle after the write 
to SCON that cleared RI, RECEIVE 
is cleared and RI is 
set. 


Ten 
bits 
are 
transmitted 
(through 
TXD), 
or received 
(through RXD): a start bit (0), 8 data bits (LSB first), and 
a stop bit (1). On receive, 
the stop bit goes into RB8 in 
SCON. 
In the 8051 the baud rate is determined 
by the 
Timer 1 overflow rate. In the 8052 it is determined 
either 
by the Timer 
1 overflow 
rate, or the Timer 2 overflow 
rate, or both (one for transmit and the other for receive). 


Figure 7-20 shows a simplified functional diagram of the 
serial port in Mode I, and associated timings for transmit 
and receive. 


WRITE 
TO 
SBUF 
RXD 
P3.0 ALT 
OUTPUT 


FUNCTION 


TXD 


P3.1 ALT 
OUTPUT 


FUNCTION 


RXD 
P3.0ALT 
INPUT 
FUNCTION 


ALE 
-.J WRITE TO SBUF 


SENDLS6P2 
rl-------------------------------L- 


SHIFT 


~ 
WRITE TO SCON (CLEAR RI) 
RIl~ 
-',-- 


RECEIVE 
L- 


SHIFT 


RXD (DATA IN)----{}!~~-~~-__{~'----_{}!:!:!...--~!..--_{]~--_[J!~-___1~!.--- 


TXD (SHIFT CLOCK) 


WRITE 
TO 
SBUF 


RECEIVE 
: ;~ID;;ECTORSAMPLE 
TIMES 


\ RI 


Figure 
7·20. Serial 
Port Mode 1 
TCLK, 
RCLK, and Timer 
2 are present 
in the 8052/8032 
only. 


lransmlsslon 
is initiated by any instruction that uses SBUF 
as a destination register. The' 'write to SBUF" 
signal also 
loads a I into the 9th bit position 
of the transmit 
shift 
register and flags the TX Control unit that a transmission 
is requested. 
Transmission 
actually commences 
at SIPI 
of the machine 
cycle following 
the next rollover 
in the 
divide-by-16 
counter. 
(Thus, 
the bit times are synchro- 
nized to the divide-by-16 
counter, 
not to the "write 
to 
SBUF" 
signal). 


The transmission 
begins with activation of SEND, which 
puts the start bit at TXD. 
One bit time later, DATA is 
activated, 
which enables 
the output 
bit of the transmit 
shift register to TXD. The first shift pulse occurs one bit 
time after that. 


As data bits shift out to the right, 
zeros are clocked 
in 
from the left. When the MSB of the data byte is at the 
output position of the shift register, 
then the I that was 
initially loaded into the 9th position is just to the left of 
the MSB, 
and all positions 
to the left of that contain 
zeroes. This condition flags the TX Control unit to do one 
last shift and then deactivate SEND and set TI. This occurs 
at the 10th divide-by-16 
rollover after "write to SBUF." 


Reception 
is initiated 
by a detected 
I-to-O transition 
at 
RXD. For this purpose 
RXD is sampled 
at a rate of 16 
times whatever 
baud rate has been established. 
When a 
transition 
is detected, 
the divide-by-16 
counter is imme- 
diately 
reset, 
and IFFH is written 
into the input shift 
register. 
Resetting 
the 
divide-by-16 
counter 
aligns 
its 
rollovers with the boundaries 
of the incoming bit times. 


The 
16 states of the counter 
divide 
each bit time into 
16ths. At the 7th, 8th, and 9th counter states of each bit 
time, the bit detector samples the value of RXD. The value 
accepted is the value that was seen in at least 2 of the 3 
samples. 
This is done for noise rejection. 
If the value 
accepted 
during 
the first bit time is not 0, the receive 
circuits 
are reset and the unit goes back to looking for 
another 
I-to-O transition. 
This is to provide rejection 
of 
false start bits. If the start bit proves valid, it is shifted 
into the input shift register, 
and reception 
of the rest of 
the frame will proceed. 


As data bits come in from the right, 
Is shift out to the 
left. When the start bit arrives at the leftmost position in 
the shift register, (which in mode I is a 9-bit register), 
it 
flags the RX Control block to do one last shift, load SBUF 
and RB8, and set RI. The signal to load SBUF and RB8, 
and to set RI, will be generated 
if, and only if, the fol- 
lowing conditions 
are met at the time the final shift pulse 
is generated. 


I) RI = 0, and 
2) Either SM2 = 0, or the received stop bit = I 


If either of these two conditions 
is not met, the received 
frame is irretrievably 
lost. If both conditions are met, the 
stop bit goes into RB8, the 8 data bits go into SBUF, and 
RI is activated. 
At this time, whether the above conditions 


are met or not, the unit goes back to looking for a I-to- 
O transition in RXD. 


Eleven bits are transmitted 
(through 
TXD), 
or received 
(through RXD): a start bit (0), 8 data bits (LSB first), a 
programmable 
9th data bit, and a stop bit (I). On transmit, 
the 9th data bit (TB8) can be assigned the value of 0 or 
I. On receive, 
the 9th data bit goes into RB8 in SCaN. 
The baud rate is programmable 
to either 1/32 or 1/64 the 
oscillator frequency 
in mode 2. Mode 3 may have a var- 
iable baud rate generated 
from either Timer 
I or 2 de- 
pending on the state of TCLK and RCLK. 


Figures 7-21 A and B show a functional 
diagram 
of the 
serial port in modes 2 and 3. The receive portion is exactly 
the same as in mode I. The transmit portion differs from 
mode I only in the 9th bit of the transmit shift register. 


Transmission 
is initiated by any instruction that uses SBUF 
as a destination register. The "write to SBUF" 
signal also 
loads TB8 into the 9th bit position of the transmit 
shift 
register and flags the TX Control unit that a transmission 
is requested. 
Transmission 
commences 
at SIPI 
of the 
machine cycle following 
the next rollover in the divide- 
by-16 counter. 
(Thus, 
the bit times are synchronized 
to 
the divide-by-16 
counter, 
not to the "write 
to SBUF" 


signal.) 


The transmission 
begins with activation of SEND, which 
puts the start bit at TXD. 
One bit time later, DATA is 
activated, 
which enables 
the output 
bit of the transmit 
shift register to TXD. The first shift pulse occurs one bit 
time after that. The first shift clocks a I (the stop bit) into 
the 9th bit position of the shift register. Thereafter, 
only 
zeroes are clocked in. Thus, 
as data bits shift out to the 
right, zeroes are clocked in from the left. When TB8 is 
at the output position of the shift register, 
then the stop 
bit is just to the left of TB8, and all positions 
to the left 
of that contain zeroes. This condition flags the TX Control 
unit to do one last shift and then deactivate 
SEND and 
set TI. This occurs at the II th divide-by-16 
rollover after 
"write 
to SBUF. " 


Reception 
is initiated 
by a detected 
I-to-O transition 
at 
RXD. For this purpose 
RXD is sampled 
at a rate of 16 
times whatever 
baud rate has been established. 
When a 
transition 
is detected, 
the divide-by-16 
counter is imme- 
diately reset, and IFFH is written to the input shift register. 


At the 7th, 8th and 9th counter states of each bit time, the 
bit detector samples the value of RXD. The value accepted 
is the value that was seen in at least 2 of the 3 samples. 
If the value accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes back to looking 
for another 
I-to-O transition. 
If the start bit proves valid, 


it is shifted into the input shift register, 
and reception 
of 
the rest of the frame will proceed. 
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Figure 7-21 B. Serial Port Mode 3 
TCLK, RCLK, and Timer 2 are present In the 8052/8032 
only. 


As data bits come in from the right, 
Is shift out to the 
left. When the start bit arrives at the leftmost position in 
the shift register (which in modes 2 and 3 is a 9-bit reg- 
ister), it flags the RX Control block to do one last shift, 
load SBUF and RB8, and set RI. The signal to load SBUF 
and RB8, and to set RI, will be generated 
if, and only if, 
the following conditions 
are met at the time the final shift 
pulse is generated: 


I) RI = 0, and 
2) Either SM2 = 0 or the received 9th data bit = I 


If either of these conditions is not met, the received frame 
is irretrievably 
lost, and RI is not set. IF both conditions 
are met, the received 9th data bit goes into RB8, and the 
first 8 data bits go into SBUF. One bit time later, whether 
the above conditions 
were met or not, the unit goes back 
to looking for a I-to-O transition 
at the RXD input. 


Note that the value of the received 
stop bit is irrelevant 
to SBUF, RB8, or RI. 


The 8051 provides 5 interrupt sources. The 8052 provides 
6. These are shown in Figure 7-22. 


The External Interrupts INTO and INTI can each be either 
level-activated 
or transition-activated, 
depending 
on bits 


T1~ 
RI~ 


TF2~ 
EXF2~ 


ITO and IT! in Register 
TCON. 
The flags that actually 
generate these interrupts 
are bits IEO and lEI 
in TCON. 
When an external interrupt is generated, 
the flag that gen- 
erated it is cleared by the hardware when the service rou- 
tine is vectored 
to only if the interrupt 
was transition- 
activated. 
If the interrupt 
was level-activated, 
then the 
external 
requesting 
source 
is what controls 
the request 
flag, rather than the on-chip hardware. 


The Timer 0 and Timer I Interrupts are generated by TFO 
and TFI, 
which are set by a rollover 
in their respective 
timer/counter 
registers (except see Section 7.6.1 for Timer 
o in mode 3). When a timer interrupt 
is generated, 
the 
flag that generated 
it is cleared by the on-chip hardware 
when the service routine is vectored to. 


The Serial Port Interrupt 
is generated 
by the logical OR 
of RI and TI. Neither of these flags is cleared by hardware 
when the service routine is vectored to. In fact, the service 
routine 
will normally 
have to determine 
whether 
it was 
RI or TI that generated the interrupt, 
and the bit will have 
to be cleared in software. 


In the 8052, 
the Timer 
2 Interrupt 
is generated 
by the 
logical OR of TF2 and EXF2. 
Neither 
of these flags is 
cleared by hardware 
when the service routine is vectored 
to. In fact, the service 
routine 
may have to determine 
whether it was TF2 or EXF2 that generated 
the interrupt, 
and the bit will have to be cleared in software. 


All of the bits that generate interrupts can be set or cleared 
by software, 
with the same result as though it had been 
set or cleared 
by hardware. 
That is, interrupts 
can be 
generated 
or 
pending 
interrupts 
can 
be canceled 
in 
software. 


(MSB) 
(LSB) 
I EA I x Ienl ES I ET1 I EX1 I ETO I EXOI 


Symbol 
Position 
Function 


EA 
IE.7 
disables all Interrupts. 
I! EA = 0, no Interrupt 
will be acknowledged. 
I! EA = 1, each Inter- 
rupt source 
Is individually 
enabled 
or dis- 
abled by setting 
or clearing 
its enable 
bit. 


IE.6 
reserved 


ET2 
IE.S 
enables 
or disables the Timer 
2 overflow 
or capture 
interrupt. 
If ET2 
= 0, the Timer 2 
Interrupt 
is disabled. 


ES 
IE.4 
enables 
or disables 
the Serial Port Inter- 
rupt. If ES = 0, the Serial Port interrupt 
is 
disabled. 


ET1 
IE.3 
enables 
or disables 
the Timer 
1 Overflow 
Interrupt. 
I! ET1 = 0, the Timer 
1 Interrupt 
Is disabled. 


EX1 
IE.2 
enables 
or disables 
External 
Interrupt 
1. 


II EX1 = 0, External 
Interrupt 
1 Is disabled. 


ETO 
IE.1 
enables 
or disables 
the Timer 
0 Overflow 
Interrupt. 
I! ETO = 0, the Timer 0 Interrupt 
Is disabled. 


EXO 
IE.O 
enables 
or disables 
External 
Interrupt 
0 . If 
EXO = 0, External 
Interrupt 
0 Is disabled. 


Each of these intenupt 
sources can be individually enabled 
or disabled by setting or clearing a bit in Special Function 
Register 
IE (Figure 7-23). 
Note that IE contains 
also a 
global disable 
bit, EA, which disables 
all intenupts 
at 
once. 


Each intenupt source can also be individually programmed 
to one of two priority 
levels by setting or clearing a bit 
in Special 
Function 
Register 
IP (Figure 
7-24). 
A low- 
priority intenupt can itself be intenupted 
by a high-priority 
intenupt, 
but not by another 
low-priority 
intenupt. 
A 
high-priority 
intenupt 
can't 
be intenupted 
by any other 
intenupt 
source. 


Symbol 
Posilion 
Function 


IP.7 
reserved 


IP.6 
reserved 


PT2 
IP.5 
defines 
the Timer 2 Interrupt 
priority 
level. PT2 = 1 programs 
It to the higher 
priority 
lavol. 


PS 
IP.4 
dollnes 
the Sorlal Port Intorrupt 
priority 
level. PS = 1 programs 
It to tho high or 
priority 
level. 


PTl 
IP.3 
detln •• the Timor 
1 Intorrupt 
priority 
level. PTl 
= 1 programs 
It to the higher 
priority 
level. 


PXl 
IP.2 
defines 
the External 
Interrupt 
1 priority 
levol. PXl 
= 1 programs 
It to the higher 
priority 
lovel. 


PTO 
IP.1 
dollnes 
the Timer 0 Intorrupt 
priority 
lovel. PTO = 1 programs 
It to the higher 
prlortty 
levol. 


PXO 
IP.O 
doflnos 
tha External 
Intarrupt 
0 priority 
levol. PXO = 1 programs 
It to the higher 
priority 
level. 
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If two requests 
of different 
priority 
levels are received 


sinlUltaneously, the request of higher priority level is ser- 
viced. If requests of the same priority 
level are received 


simultaneously, 
an internal polling 
sequence 
determines 


which request is serviced. 
Thus within each priority level 


there is a second priority structure determined 
by the poll- 


ing sequence, 
as follows: 


SOURCE 


IEO 
TFO 
IE1 
TF1 
RI+T1 
TF2:+-EXF2 


PRIORITY 
WITHIN 
LEVEL 


(hlghost) 


Note that the "priority 
within level" 
structure is only used 


to resolve simultaneous 
requests of the same priority level. 


The intenupt 
flags are sampled at S5P2 of every machine 


cycle. The samples are polled during the following 
ma- 
chine cycle. If one of the flags was in a set condition 
at 


S5P2 of the preceding 
cycle, the polling cycle will find 


it and the intenupt 
system will generate an LCALL to the 


appropriate 
service routine, 
provided 
this hardware-gen- 


erated LCALL 
is not blocked 
by any of the following 


conditions: 


I. An intenupt 
of equal or higher priority level is already 


in progress. 


2. The current (polling) cycle is not the final cycle in the 


execution 
of the instruction 
in progress. 


3. The instruction 
in progress 
is RETI or any access to 


the IE or IP registers. 


Any of these three conditions 
will block the generation 


of the LCALL to the intenupt 
service routine. 
Condition 


2 ensures that the instruction in progress will be completed 


INTERRUPT 
INTERRUPT 
GOES 
LATCHED 
ACTIVE 


LONG CALL TO 
INTERRUPT 
VECTOR ADDRESS 


before vectoring 
to any service routine. 
Condition 
3 en- 
sures that if the instruction 
in progress 
is RETI or any 
access to IE or IP, then at least one more instruction 
will 
be executed before any interrupt is vectored to. 


The polling cycle is repeated 
with each ma"hine 
cycle, 
and the values polled are the values that were present at 
S5P2 of the previous machine cycle. Note then that if an 
interrupt flag is active but not being responded to for one 
of the above conditions, 
if the flag is not still active when 
the blocking 
condition 
is removed, 
the denied interrupt 
will not be serviced. 
In other words, 
the fact that the 
interrupt flag was once active but not serviced is not re- 
membered. 
Every polling cycle is new. 


The polling cycle/LCALL 
sequence is illustrated in Figure 
7-25. 


Note that if an interrupt of higher priority level goes active 
prior to S5P2 of the machine cycle labeled C3 in Figure 
7-25, then in accordance 
with the above rules it will be 
vectored to during C5 and C6, without any instruction of 
the lower priority routine having been executed. 


Thus the processor 
acknowledges 
an interrupt request by 
executing a hardware-generated 
LCALL to the appropriate 
servicing routine. In some cases it also clears the flag that 
generated 
the interrupt, 
and in other cases it doesn't. 
It 
never clears the Serial Port or Timer 2 flags. This has to 
be done in the user's 
software. 
It clears an external in- 
terrupt flag (IEO or lEI) only if it was transition-activated. 
The hardware-generated 
LCALL pushes the contents 
of 
the Program Counter onto the stack (but it does not save 
the PSW) and reloads the PC with an address that depends 
on the source of the interrupt being vectored to, as shown 
below. 


SOURCE 


IEO 
TFO 
IE1 
TF1 
RI+TI 
TF2+EXF2 


VECTOR 
ADDRESS 


0003H 
OOOBH 
0013H 
001BH 
0023H 
002BH 


Execution proceeds 
from that location until the RETI in- 
struction 
is encountered. 
The RETI instruction 
informs 
the processor 
that this interrupt 
routine 
is no longer in 
progress, 
then pops the top two bytes from the stack and 
reloads the Program Counter. Execution of the interrupted 
program continues 
from where it left off. 


Note that a simple RET instruction 
would also have re- 
turned execution to the interrupted program, 
but it would 
have left the interrupt control system thinking an interrupt 
was still in progress. 


The external 
sources 
can be programmed 
to be level- 
activated or transition-activated 
by setting or clearing bit 
ITI or ITO in Register TCON. 
If ITx = 0, external in- 
terrupt x is triggered by a detected 
low at the INTx pin. 
If ITx = I, external interrupt x is edge-triggered. 
In this 
mode if successive 
samples of the INTx pin show a high 
in one cycle and a low in the next cycle, interrupt request 
flag lEx in TCON is set. Flag bit lEx then requests the 
interrupt. 


Since the external 
interrupt 
pins are sampled once each 
machine cycle, 
an input high or low should hold for at 
least 12 oscillator 
periods to ensure sampling. 
If the ex- 
ternal interrupt is transition-activated, 
the external source 
has to hold the request pin high for at least one cycle, and 
then hold it low for at least one cycle to ensure that the 
transition is seen so that interrupt request flag lEx will be 
set. lEx will be automatically 
cleared by the CPU when 
the service routine is called. 


If the external 
interrupt 
is level-activated, 
the external 
source has to hold the request active until the requested 
interrupt 
is actually generated. 
Then it has to deactivate 
the request 
before' the interrupt 
service routine 
is com- 
pleted, or else another interrupt will be generated. 


The INTO and INTI 
levels are inverted and latched into 
IEO and lEI at S5P2 of every machine cycle. The values 
are not actually polled by the circuitry until the next ma- 
chine cycle. If a request is active and conditions 
are right 
for it to be acknowledged, 
a hardware 
subroutine 
call to 
the requested 
service routine will be the next instruction 
to be executed. 
The call itself takes two cycles. Thus, a 
minimum 
of three complete 
machine 
cycles elapse be- 
tween activation 
of an external interrupt request and the 
beginning of execution of the first instruction of the service 
routine. Figure 7-25 shows interrupt response timings. 


A longer 
response 
time would 
result 
if the request 
is 
blocked by one of the 3 previously 
listed conditions. 
If 
an interrupt of equal or higher priority level is already in 
progress, 
the additional 
wait time obviously 
depends on 
the nature of the other interrupt's 
service routine. 
If the 
instruction 
in progress 
is not in its final cycle, the addi- 
tional wait time cannot be more than 3 cycles, 
since the 
longest instructions 
(MUL 
and DIV) are only 4 cycles 
long, 
and if the instruction 
in progress 
is RETI or an 
access to IE or IP, the additional wait time cannot be more 
than 5 cycles (a maximum of one more cycle to complete 
the instruction 
in progress, 
plus 4 cycles to complete the 
next instruction 
if the instruction 
is MUL or DIV). 


Thus, 
in a single-interrupt 
system, 
the response 
time is 
always more than 3 cycles and less than 9 cycles. 


The 8051 interrupt structure allows single-step execution 
with very little software overhead. 
As previously 
noted, 


an interrupt 
request 
will not be responded 
to while an 


interrupt 
of equal priority 
level is still in progress, 
nor 
will it be responded 
to after RETI until at least one other 
instruction 
has been executed. 
Thus, 
once an interrupt 
routine has been entered, 
it cannot be re-entered 
until at 
least one instruction 
of the interrupted 
program 
is exe- 


cuted. One way to use this feature for single-stop operation 
is to program 
one of the external interrupts 
(say, INTO) 
to be level-activated. 
The service routine for the interrupt 
will terminate 
with the following code: 


JNB 
P3.2,$ 
;WAIT HERE TILL INTO 
GOES HIGH 
JB 
P3.2,$ 
;NOW WAIT HERE TILL 
IT GOES LOW 
RETI 
:GO BACK AND 
EXECUTE ONE 
INSTRUCTION 


Now if the INTO pin, which is also the P3.2 pin, is held 
normally 
low, the CPU will go right into the External 
Interrupt 
0 routine 
and stay there until INTO is pulsed 
(from low to high to low). Then it will execute RETI, go 
back to the task program, 
execute 
one instruction, 
and 
immediately 
re-enter the External 
Interrupt 
0 routine to 
await the next pulsing of P3.2. One step of the task pro- 
gram is executed each time P3.2 is pulsed. 


The reset input is the RST pin, which is the input to a 
Schmitt Trigger. 


A reset is accomplished 
by holding the RST pin high for 
at least two machine cycles (24 oscillator periods), 
while 
the oscillator is running. The CPU responds by executing 


an internal reset. It also configures 
the ALE and PSEN 


pins as inputs. (They are quasi-bidirectional). 
The internal 


reset is executed 
during the second cycle in which RST 


is high and is repeated every cycle until RST goes low. 
It leaves the internal registers as follows: 


REGISTER 
CONTENT 


PC 
OOOOH 


ACC 
OOH 


B 
OOH 


PSW 
OOH 


SP 
07H 


DPTR 
OOOOH 


PO-P3 
OFFH 
IP (8051) 
XXXOOOOOB 


IP (8052) 
XXOOOOOOB 


IE (8051) 
OXXOOOOOB 
IE (8052) 
OXOOOOOOB 


TMOD 
OOH 


TCON 
OOH 


T2CON (8052 only) 
OOH 


THO 
OOH 


TLO 
OOH 


TH1 
OOH 
TL1 
OOH 


TH2 
OOH 
TL2 
OOH 


RCAP2H (8052 only) 
OOH 


RCAP2L (8052 only) 
OOH 


SCON 
OOH 
SBUF 
Indeterminate 


PCON(HMOS) 
OXXXXXXXB 


PCON (CHMOS) 
OXXXOOOOB 


The internal RAM is not affected by reset. When VCC is 
turned on, the RAM content is indeterminate 
unless the 


part is returning from a reduced power mode of operation. 


An automatic reset can be obtained when VCC is turned 
on by connecting 
the RST pin to VCC through a 10 J-Lf 


capacitor and to VSS through an 8.2Kfi 
resistor, provid- 


ing the VCC risetime does not exceed a millisecond 
and 


the oscillator 
start-up 
time does 
not exceed 
10 milli- 


seconds. 
This power-on 
reset circuit is shown in Figure 


7-26. When power comes on, the current drawn by RST 
commences 
to charge the capacitor. 
The voltage at RST 


is the difference between VCC and the capacitor voltage, 
and decreases from VCC as the cap charges. 
The larger 


the capacitor, 
the more slowly VRST decreases. 
VRST 


must remain above the lower threshhold 
of the Schmitt 


Trigger long enough to effect a complete reset. The time 
required 
is the oscillator 
start-up 
time, 
plus 2 machine 


cycles. 


7.11 
POWER-SAVING 
MODES OF 


OPERATION 


For applications 
where power consumption 
is critical the 


CHMOS 
version provides 
power reduced 
modes of op- 
eration as a standard feature. 
The power down mode in 


HMOS devices is no longer a standard feature and is being 
phased out. 


CHMOS versions have two power-reducing 
modes, Idle 


and Power Down. The input through which backup power 
is supplied during these operations 
is VCC. Figure 7-27 


shows the internal circuitry which implements 
these fea- 


tures. In the Idle mode (IDL = I), the oscillator continues 
to run and the Interrupt, 
Serial Port, and Timer blocks 
continue to be clocked, 
but the clock signal is gated off 


to the CPU. In Power Down (PD = I), the oscillator is 
frozen. The Idle and Power Down modes are activated by 
setting bits in Special Function Register PeON. 
The ad- 


dress 
of this register 
is 87H. 
Figure 
7-28 
details 
its 
contents. 


An instruction that sets PCON.O causes that to be the last 
instruction 
executed 
before going into the Idle mode. In 


the Idle mode, the internal clock signal is gated off to the 
CPU, 
but not to the Interrupt, 
Timer, 
and Serial Port 


functions. 
The CPU status is preserved 
in its entirety: the 


Stack Pointer, 
Program 
Counter, 
Program 
Status Word, 
Accumulator, 
and all other registers 
maintain their data 


during Idle. The port pins hold the logical states they had 
at the time Idle was activated. 
ALE and PSEN hold at 


logic high levels. 


There are two ways to terminate 
the Idle. Activation 
of 


any enabled interrupt will cause PeON.O to be cleared by 
hardware, 
terminating 
the Idle mode. The interrupt will 


be serviced, 
and following 
RETI the next instruction 
to 


~~ 
XTAL 
2 = 
XTAL 
1 


(MSB) 
(lSB) 


ISMOol 
GF1 
GFO 
PO 
IOl 


Symbol 
Position 
Name and Function 


SMOO 
PCON.7 
Double 
Baud 
rate bit. 
When 
set to a 
1 and Timer 
1 la used 
to genarate 
baud 
rate, 
and 
the 
Serial 
Port 
Is used 
In modes 
1, 2, or 3. 
PCON.6 
(Reserved) 
PCON.S 
(Reserved) 
PCON.4 
(Reserved) 
GF1 
PCON.3 
General-purpose 
flag bit. 


GFO 
PCON.2 
General-purpose 
IIag bit. 


PO 
PCON.1 
Power Down 
bit. Selling 
this bil 
activates power down operation. 


IDL 
PCON.O 
Idle mode bit. Selling 
Ihis bit ac- 


lI.ales 
Idle mode opera lion. 


If 1s are written to PO and IOL at the same time, PO 
takes precedence. 
The reset value of peON is 
(OXXXOOOO). 


be executed will be the one following the instruction that 
put the device into Idle. 


The flag bits GFO and GFI can be used to give an indi- 
cation if an interrupt occurred during normal operation or 
during an Idle. For example, 
an instruction 
that activates 


Idle can also set one or both flag bits. When Idle is ter- 
minated by an interrupt, 
the interrupt service routine can 
examine the flag bits. 


The other way of terminating 
the Idle mode is with a 


hardware reset. Since the clock oscillator is still running, 
the hardware 
reset needs to be held active for only two 


machine 
cycles 
(24 oscillator 
periods) 
to, complete 
the 


INTERRUPT, 
SERIAL 
PORT, 
TIMER 
BLOCKS 


An instruction that sets PCON.I 
causes that to be the last 
instruction 
executed 
before going into the Power Down 
mode. In the Power Down mode, the on-chip oscillator 
is stopped. 
With 
the 
clock 
frozen, 
all functions 
are 
stopped, but the on-chip RAM and Special Function Reg- 
isters are held. The port pins output the values held by 
their respective 
SFRs. ALE and PSEN output lows. 


The only exit from Power Down is a hardware reset. Reset 
redefines all the SFRs, 
but does not change the on-chip 
RAM. 


In the Power down mode of operation, 
VCC can be re- 
duced 
to minimize 
power 
consumption. 
Care must be 
taken, however, to ensure that VCC is not reduced before 
the Power Down mode is invoked, 
and that VCC is re- 
stored to its normal 
operating 
level, 
before 
the Power 
Down mode is terminated. 
The reset that terminates Power 
Down also frees the oscillator. 
The reset should not be 
activated before VCC is restored to its normal operating 
level, and must be held active long enough to allow the 
oscillator 
to restart and stabilize 
(normally 
less than 10 
msec). 


The 8751H is the EPROM member of the MCS-51 family. 
This means 
that the on-chip 
Program 
Memory 
can be 
electrically 
programmed, 
and can be erased by exposure 
to ultraviolet 
light. The 8751H also has a provision 
for 


ADDR. 
OOOOH- 


OFFFH 


denying external access to the on-chip Program Memory, 
in order to protect its contents against software piracy. 


To be programmed, 
the 8751H must be running with a 4 
to 6 MHz oscillator. 
(The reason the oscillator 
needs to 


be running is that the internal bus is being used to transfer 
address and program data to appropriate internal registers.) 
The address of an EPROM location to be programmed 
is 


applied to Port I and pins n.Q-n.3 of Port 2, while the 
data byte is applied to Port O. Pins n.4-P2.6 
and PSEN 
should be held low, and n.7 and RST high. (These are 
all TTL levels except RST, 
which requires 
2.5V 
for a 
logic high.) EAIVPP is held normally high, and is pulsed 
to +2IV. 
While ENVPP 
is at 21V, the ALEIPROG pin, 


which is normally being held high, is pulsed low for 50 
msec. Then ENVPP 
is returned 
to high. This setup is 


shown in Figure 7.29. 
Detailed timing specifications 
are 


provided in the 8751H data sheet. 


Note: The EA pin must not be allowed to go above the 
maximum 
specified VPP level of 21.5V for any amount 
of time. Even a narrow glitch above that voltage level can 
cause permanent 
damage to the device. The VPP source 


should be well regulated 
and free of glitches. 


If the program security bit has not been programmed, 
the 
on-chip Program Memory can be read out for verification 
purposes, 
if desired, 
either during or after the program- 
ming operation. 
The required 
setup, which is shown in 
Figure 7.30, is the same as for programming 
the EPROM 


P2.4 
P2.5 


P2.6 
P2.7 


XTAL2 


XTALl 
vss 


except that pin PZ.7 is held at TIL 
low (or used as an 


active-low read strobe). The address of the Program Mem- 
ory location 
to be read 
is applied 
to Port I and pins 


PZ.o-PZ.3. 
The other Port 2 pins and PSEN are held low. 
ALE, EA, and RST are held high. The contents of the 
addressed location will come out on Port O. External pull- 
ups are required on Port 0 for this operation. 


The 
8751H 
contains 
a security 
bit, 
which, 
once pro- 


grammed, 
denies electrical access by any external means 


to the on-chip Program Memory. The setup and procedure 
for programming the security bit are the same as for normal 
programming, 
except that pin PZ.6 is held at TIL 
high. 


The setup is shown in Figure 7.31. 
Port 0, Port I, and 
pins PZ.o-PZ.3 
of Port 2 may be in any state. 


Once the security 
bit has been programmed, 
it can be 
deactivated only by full erasure of the Program Memory. 
While it is programmed, 
the internal Program 
Memory 
cannot 
be read out, 
the device 
cannot 
be further 
pro- 
grammed, 
and it cannot execute external program 
mem- 
ory. Erasing the EPROM, 
thus deactivating 
the security 
bit, restores the device's 
full functionality. 
11can then be 


re-programmed. 


Erasure of the 8751H Program 
Memory begins to occur 
when the chip is exposed to light with wavelengths 
shorter 


+5V 


ADDR. 
vcc 


OOOOH- 


OFFFH 
PGM DATA 
PO 
(USE 
10K PULLUPS) 
8751H 


8051 
P2.4 


'::' 
P2.5 
ALE 
TTLHIGH 


P2.6 


ENABLE 
P2.7 
EA 


XTAL2 
RST 
VIH1 


XTAL1 
PSEN 


VSS 
'::' 


'::' 


+5V 
,! 


Vcc 
x = "DON'T 
-CARE" 


P1 


P2.o- 
PO 
X 


P2.3 


8751H 
P2.4 


'::' 
P2.5 
ALE 
ALEIPROG 
50 ms PULSE 
TO GND 


P2.6 
TTL 
HIGH 
P2.7 


XTAL2 
EA 
EAlVPP 
+ 21V PULSE 


XTAL1 
RST 
VIH1 


VSS 
PSEN 


'::' 
'::' 


Ula.11 
applVAUUalfVIJ 
"t',VVV 
r\..1Je"UV1Jl~. 
vl1J\v~ 
",UIlHelll 
allU 
fluorescent 
lighting have wavelengths 
in this range, ex- 
posure to these light sources over an extended time (about 
1 week in sunlight, 
or 3 years in room-level 
fluorescent 
lighting) could cause inadvertent erasure. If an application 
subjects the 8751 H to this type of exposure, it is suggested 
that an opaque label be placed over the window. 


The recommended 
erasure procedure 
is exposure to ultra- 
violet light (at 2537 Angstroms) 
to an integrated dose of 
at least 15 W/cm2. 
Exposing the 8751H to an ultraviolet 
lamp of 12,000 j.LW/cm2 rating for 20 to 30 minutes, 
at 
a distance of about 1 inch, should be sufficient. 


if 


SUBST. 


7.13 
MORE ABOUT THE ON-CHIP 
OSCILLATOR 
7.13.1 
HMOS Versions 


The on-chip oscillator circuitry for the HMOS (HMOS-I 
and HMOS-II) members of the MCS-51 family is a single 
stage linear inverter (Figure 7-32), 
intended for use as a 


crystal-controlled, 
positive 
reactance 
oscillator 
(Figure 
7-33). 
In this application 
the crystal 
is operated 
in its 


fundamental 
response mode as an inductive reactance 
in 
parallel resonance with capacitance external to the crystal. 


01 


400 n 
RI 
XTAL1 
XTAl2 


02 
r 
PO 


The crystal specifications 
and capacitance 
values (Cl and 
C2 in Figure 7-33) are not critical. 
30 pF can be used in 
these positions 
at any frequency 
with good quality crys- 
tals. A ceramic resonator can be used in place of the crystal 
in cost-sensitive 
applications. 
When a ceramic resonator 


is used, Cl and C2 are normally selected to be of some- 
what higher values, 
typically, 
47 pF. The manufacturer 


of the ceramic resonator 
should be consulted 
for recom- 
mendations 
on the values of these capacitors. 


EXTERNAL 


OSCILLATOR 
t 
SIGNAL 


TTL 


GATE 
WITH 


TOTEM-POLE 


OUTPUT 


Figure 7-34. Driving the HMOS MCS-51 Parts 
with an External Clock Source 


ramic resonators, 
and the selection of values for Cl and 
C2 can be found in Application Note AP-155, "Oscillators 
for Microcontrollers," 
which is included in this manual. 


To drive the HMOS parts with an external clock source, 
apply the external 
clock signal to XTAL2, 
and ground 
XTALl, 
as shown in Figure 7-34. A pull-up resistor may 
be used (to increase noise margin), but is optional if VOH 
of the driving gate exceeds the VIHMIN specification 
of 
XTAL2. 


The on-chip oscillator circuitry for the 8OC51, shown in 
Figure 7-35, consists of a single stage linear inverter in- 
tended for use as a crystal-controlled, 
positive reactance 
oscillator in the same manner as the HMOS parts. How- 
ever, there are some important 
differences. 


One difference 
is that the 80C51 is able to turn off its 


oscillator under software control (by writing a I to the PD 
bit in PCON). Another difference is that in the 80C5l the 
internal 
clocking 
circuitry 
is driven 
by the 
signal 
at 
XTALl, 
whereas in the HMOS versions it is by the signal 
at XTAL2. 


The feedback resistor Rf in Figure 7-35 consists of par- 
alleled n- and p-channel 
FETs controlled 
by the PD bit, 


such that Rf is opened when PD = I. The diodes D 1 and 
D2, which act as clamps to VCC and VSS, are parasitic 
to the Rf FETs. 


QUARTZ 
CRYSTAL 


OR CERAMIC 


RESONATOR 


The oscillator 
can be used with the same external com- 
ponents as the HMOS versions, 
as shown in Figure 7-36. 


Typically, 
Cl = C2 = 30 pF when the feedback element 
is a quartz crystal, and Cl = C2 = 47 pF when a ceramic 
resonator is used. 


To drive the CHMOS parts with an external clock source, 
apply the external 
clock 
signal 
to XTALl, 
and leave 
XTAL2 float, as shown in Figure 7-37. 


The reason for this change from the way the HMOS part 
is driven can be seen by comparing Figures 7-32 and 7-35. 
In the HMOS devices the internal timing circuits are driven 
by the signal at XTAL2. 
In the CHMOS devices the in- 
ternal timing circuits are driven by the signal at XTALl. 


80CSl 


NC 
XTAL2 


EXTERNAL 
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OSCILLATOR 
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vSS 
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GATE 
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Figure 
7-37. Driving 
the CHMOS 
MCS-51 Parts 
with an External 
Clock 
Source 


Figures 7-38 through 7-41 show when the various strobe 
and port signals are clocked internally. The figures do not 
show rise and fall times of the signals, nor do they show 
propagation delays between the XTAL2 signal and events 
at other pins. 


Rise and fall times are dependent 
on the external loading 


that each pin must drive. They are often taken to be some- 
thing in the neighborhood 
of 10 nsec, measured between 


0.8Y and 2.0Y. 


Propagation 
delays are different for different pins. For a 


given pin they vary with pin loading, temperature, 
YCC, 


and manufacturing 
lot. If the XTAL2 waveform 
is taken 


as the timing reference, 
prop delays may vary from 25 to 


125 nsec. 


The AC Timings section of the data sheets do not reference 
any timing to the XTAL2 waveform. 
Rather, they relate 


the critical edges of control and input signals to each other. 
The timings published in the data sheets include the effects 
of propagation 
delays under the specified test conditions. 


Port 0: Port 0 is an 8-bit open drain bidirectional 
I/O port. 


As an open drain output port it can sink 8 LS TTL loads. 
Port 0 pins that have 1s written to them float, and in that 
state will function as high-impedance 
inputs. Port 0 is also 


the multiplexed 
low-order 
address 
and data bus during 
accesses to external 
memory. 
In this application 
it uses 
strong internal pullups when emitting Is. Port 0 also emits 
code bytes during program 
verification. 
In that applica- 
tion, external pullups are required. 


Port 1: Port 1 is an 8-bit bidirectional 
1/0 port with in- 
ternal pullups. 
The port 1 output buffers can sink/source 
4 LS TTL loads. Port I pins that have Is written to them 
are pulled high by the internal pullups, 
and in that state 
can be used as inputs. 
As inputs, 
Port 
I pins that are 
externally 
being pulled low will source current (IlL, on 
the data sheet) because of the internal pullups. 


In the 8052, pins Pl.O and PI. I also serve the alternate 
functions 
of T2 and T2EX. 
T2 is the Timer 2 external 
input. T2EX is the input through which a Timer 2 "cap- 
ture" 
is triggered. 


Port 
2: Port 2 is an 8-bit bidirectional 
1/0 port with in- 
ternal pullups. 
The Port 2 output buffers can sink/source 
4 LS TTL loads. Port 2 emits the high-order address byte 
during accesses 
to external 
memory 
that use 16-bit ad- 
dresses. In this application 
it uses the strong internal pul- 
lups when emitting 
Is. Port 2 also receives the high-order 
address and control bits during 8751H programming 
and 
verification, and during program verification in the 8051AH. 


Port 
3: Port 3 is an 8-bit bidirectional 
I/O port with in- 
ternal pullups. It also serves the functions of various spe- 
cial features of the MCS-51 Family, as listed below: 


PORT PIN 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 


ALTERNATE 
FUNCTION 
RXD (serial 
Input 
port) 
TXD (serial 
output 
port) 
INTO (external 
Interrupt 
0) 
iN'fj (external 
Interrupt 
1) 
TO (Timer 
0 external 
Input) 
!!JTimer 
1 external 
Input) 
WR (external 
data memory 
write 
strobe) 
RD (external 
data memory 
read strobe) 


RST: 
Reset input. A high on this pin for two machine 
cycles while the oscillator 
is running resets the device. 


ALEfPROG: 
Address 
Latch 
Enable 
output 
pulse 
for 
latching the low byte of the address 
during accesses 
to 
external 
memory. 
ALE is emitted 
at a constant 
rate of 
1/6 of the oscillator 
frequency, 
for external 
timing 
or 
clocking 
purposes, 
even when there are no accesses 
to 
external memory. 
(However, 
one ALE pulse is skipped 
during eacb acces to external Data Memory). This pin is 
also the program 
pulse 
input (PROG) 
during 
EPROM 
programming. 


PSEN: Program Store Enable is the read strobe to external 
Program 
Memory. 
When the device is executing 
out of 
external Program Memory, PSEN is activated twice each 
machine 
cycle 
(except 
that two PSEN 
activations 
are 
skipped during accesses to external Data Memory). PSEN 
is not activated when the device is executing out of internal 
Program Memory. 


EAlVPP: 
When EA is held high the CPU executes 
out 
of internal Program Memory (unless the Program Counter 
exceeds OFFFH in the 8051AH, 
or IFFFH in the 8052). 
Holding EA low forces the CPU to execute out of external 
memory regardless 
of the Program Counter value. In the 
8031AH and 8032, EA must be externally 
wired low. In 
the 8751H, this pin also receives the 21V programming 
supply voltage (V~P) during EPROM programming. 
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and Instruction Set 


CHAPTER 8 
MCS®-51 PROGRAMMER'S GUIDE 
AND INSTRUCTION SET 


The information presented in this chapter is collected from chapter 7 (MCS®-5l ARCHITECTURE) 
of this 
book. The material has been selected and rearranged to form a quick and convenient 
reference for the 


programmers 
of the MCS-51. 
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The 8051 has separate address spaces for Program Memory and Data Memory. The Program Memory can 
be up to 64K bytes long. The lower 4K (8K for the 8052) may reside on-chip. 


Figure 8.1 shows a map of the 8051 program memory, and Figure 8.2 shows a map of the 8052 program 
memory. 
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Figure 8.1 


The 8051 Program Memory. 
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Figure 8.2 
The 8052 Program Memory. 


The 8051 can address up to 64K bytes of Data Memory external to the chip. The "MOVX" 
instruction 
is used to access the external data memory. 
(Refer to the MCS-51 Instruction 
Set, in this chapter, 
for 
detailed description 
of instructions). 


The 8051 has 128 bytes of on-chip RAM (256 bytes in the 8052) plus a number of Special Function 
Registers 
(SFRs). The lower 128 bytes of RAM can be accessed either by direct addressing (MOV data 
addr) or by indirect addressing 
(MOV @Ri). Figure 8.3 shows the 8051 and the 8052 Data Memory 
organization. 
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Figure 
8.3a 
The 8051 Data Memory. 
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Note that in Figure S.3b the SFRs and the indirect address RAM have the same addresses (SOH-OFFH). 
Nevertheless, 
they are two separate areas and are accessed in two different ways. 


writes OBBH in location SOH of the data RAM. Thus, after execution of both of the above instructions 
Port 0 will contain OAAH and location SOof the RAM will contain OBBH. 


The 128 bytes of RAM which can be accessed by both direct and indirect addressing can be divided into 
3 segments as listed below and shown in Figure 8.4. 


1. Register Banks 0-3: 
Locations 0 through IFH (32 bytes). ASM-51 and the device after reset default 
to register bank O. To use the other register banks the user must select them in the software (refer to the 
MCS-51 Micro Assembler User's Guide). Each register bank contains 8 one-byte registers, 0 through 7. 


Reset initializes the Stack Pointer to location 07H and it is incremented once to start from location OSH 
which is the first register (RO) of the second register bank. Thus, if one is going to use more than one 
register bank, the SP should be initialized to a different location of the RAM where is not used for data 
storage (ie, higher part of the RAM). 


2. Bit Addressable 
Area: 16 bytes have been assigned for this segment, 20H-2FH. 
Each one of the 
128 bits of this segment can be directly addressed (0-7FH). 


The bits can be referred to in two ways both of which are acceptable by the ASM-51. One way is to refer 
to their addresses, 
ie, 0 to 7FH. The other way is with reference to bytes 20H to 2FH. Thus bits 0-7 can 


also be referred to as bits 20.0-20.7, 
and bits 8-FH are the same as 21.0-21. 7 and so on. 


3. Scratch 
Pad Area: Bytes 30H through 7FH are available to the user as data RAM. However, 
if the 


stack pointer has been initialized to this area, enough number of bytes should be left aside for it to prevent 
SP data destruction. 
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Figure 
8.4 
128 Bytes 
of RAM Direct 
And Indirect 
Addressable 


Table 8.1 contains a list of all the SFRs, and their addresses. The table also indicates whether each one is 
only byte addressable 
(doesn't 
have a designator), 
or byte and bit addressable (marked with an asterisk). 
Furthermore, 
it designates those available only in the 8052 (marked with a •+' sign). 


Comparing Table 8.1 and Figure 8.5 shows that all of the SFRs that are byte and bit addressable are located 
on the first column of the diagram in Figure 8.5. 


SYMBOL 
NAME 
ADDRESS 


*ACC 
Accumulator 
OEOH 
*B 
B Register 
OFOH 
*PSW 
Program Status Word 
ODOH 
SP 
Stack Pointer 
81H 
DPTR 
Data Pointer 2 Bytes: 
DPL 
Low Byte 
82H 
DPH 
High Byte 
83H 
*PO 
Port 0 
80H 
*P1 
Port 1 
90H 
*P2 
Port 2 
OAOH 
*P3 
Port 3 
OBOH 
*IP 
Interrupt Priority Control 
OB8H 
*IE 
Interrupt Enable Control 
OA8H 
TMOD 
Timer/Counter 
Mode Control 
89H 
*TCON 
Timer/Counter 
Control 
88H 
*+T2CON 
Timer/Counter 
2 Control 
OC8H 
THO 
Timer/Counter 
0 High Byte 
8CH 
TLO 
Timer/Counter 
0 Low Byte 
8AH 
TH1 
Timer/Counter 
1 High Byte 
8DH 
TL1 
Timer/Counter 
1 Low Byte 
8BH 
+TH2 
Timer/Counter 
2 High Byte 
OCDH 
+TL2 
Timer/Counter 
2 Low Byte 
OCCH 
+ RCAP2H 
T/C 2 Capture Reg. High Byte 
OCBH 
+ RCAP2L 
T/C 2 Capture Reg. Low Byte· 
OCAH 
*SCON 
Serial Control 
98H 
SBUF 
Serial Data Buffer 
99H 
PCON 
Power Control 
87H 


Table 8.2 
Contents of the SFRs after reset. 


REGISTER 
VALUE IN BINARY 


*ACC 
00000000 
*B 
00000000 
*PSW 
00000000 
SP 
00000111 
DPTR 
DPH 
00000000 
DPL 
00000000 
*PO 
11111111 
*P1 
11111111 
*P2 
11111111 
*P3 
11111111 
*IP 
8051 XXXOOOOO, 
8052 XXOOOOOO 
*IE 
8051 OXXOOOOO, 
8052 OXOOOOOO 
TMOD 
00000000 
*TCON 
00000000 
*+T2CON 
00000000 
THO 
00000000 
TLO 
00000000 
TH1 
00000000 
TL1 
00000000 
+TH2 
00000000 
+TL2 
00000000 
+ RCAP2H 
00000000 
+ RCAP2L 
00000000 
*SCON 
00000000 
SBUF 
Indeterminate 
PCON 
HMOS 
OXXXXXXX 
CHMOS 
OXXXOOOO 


x = Undefined 
• = Bit Addressable 
+ = 6052 only 


B 


ACC 


PSW 


T2CON 
RCAP2L 
RCAP2H 
TL2 
TH2 


IP 


P3 


IE 
, 


P2 
. 


SCON 
SBUF 


Pl 


TCON 
TMOD 
TLO 
TLl 
THO 
THl 
. 


PO 
SP 
DPL 
DPH 
PCON 


Those SFRs that have their bits assigned for various functions are listed in this section. A brief description 
of each bit is provided for quick reference. For more detailed information refer to the Architecture Chapter 
of this book. 


CY 


AC 
FO 


RS1 


RSO 


OV 


PSW.7 


PSW.6 


PSW.5 


PSW.4 
PSw. 3 


PSW.2 


PSW.1 


PSW.O 


Carry Flag. 


Auxiliary Carry Flag. 


Flag 0 available to the user for general purpose. 


Register Bank selector bit 1 (SEE NOTE 1). 


Register Bank selector bit 0 (SEE NOTE 1). 


Overflow Flag. 


Reserved for future use. 


Parity 
flag. 
set/cleared 
by hardware 
each 
instruction 
cycle 
to indicate 
an 


odd/even number of '1' bits in the accumulator. 


RS1 
o 
o 
1 
1 


RSO 
o 
1 
o 
1 


REGISTER BANK 
o 


1 
2 
3 


ADDRESS 


OOH-07H 
08H-OFH 
10H-17H 
18H-1FH 


GF1 


GFO 


PD 


Double baud rate bit. When Timer I is used to generate baud rate and SMOD = I, the baud 
rate is doubled when the Serial Port is used in modes I, 2, or 3. 


Not implemented. 


Not implemented. 


Not implemented. 


General purpose flag bit. 


General purpose flag bit. 


Power Down bit. Setting this bit activates Power Down operation in the 80C51BH. 
(Available 
only in CHMOS). 


Idle Mode bit. Setting this bit activates Idle Mode operation in the 80C51BH. 
(Available only 
in CHMOS). 


3. Begin the interrupt service routine at the corresponding 
Vector Address of that interrupt. 
See Table 


below. 


INTERRUPT 
SOURCE 


IEO 
TFO 


IE1 


TF1 


AI & TI 


TF2 
& EXF2 


VECTOR 
ADDRESS 


0003H 
OOOBH 


0013H 


001BH 


0023H 


002BH 


In addition, 
for external interrupts, pins INTO and INTI (P3.2 and P3.3) must be set to 1, and depending 
on whether the interrupt is to be level or transition activated, bits ITO or ITI in the TCON register may 
need to be set to 1. 


ITx = 0 
level activated 
ITx = 1 
transition activated 


EA 
IE. 7 


IE. 6 


ET2 
IE. 5 


ES 
IE. 4 


ET1 
IE.3 


EX1 
IE.2 


ETa 
IE.1 


Exa 
IE. a 


Disables all interrupts. IfEA =0, no interrupt will be acknowledged. IfEA = I, each interrupt 
source is individually enabled or disabled by setting or clearing its enable bit. 


Not implemented. 


Enable or disable the Timer 2 overflow or capture interrupt (8052 only). 


Enable or disable the serial port interrupt. 


Enable or disable the Timer 1 overflow interrupt. 


Enable or disable. External Interrupt 1. 


Enable or disable the Timer 0 overflow interrupt. 


Enable or disable External Interrupt O. 


Remember 
that while an interrupt service is in progress, it cannot be interrupted by a lower or same level 
interrupt. 


IEO 
TFO 
IE1 
TF1 
AlorTI 
TF2 or EXF2 


If the bit is 0, the corresponding 
interrupt has a lower priority and if the bit is I the corresponding 
interrupt 


has a higher priority. 


IP. 7 
Not implemented. 


IP. 6 
Not implemented. 


PT2 
IP. 5 
Defines the Timer 2 interrupt priority level (8052 only). 


PS 
IP.4 
Defines the Serial Port interrupt priority level. 


PT1 
IP. 3 
Defines the Timer I interrupt priority level. 


PX1 
IP. 2 
Defines the External Interrupt I priority level. 


PTO 
IP. 1 
Defines the Timer 0 interrupt priority level. 


PXO 
IP. 0 
Defines the External Interrupt 0 priority level. 


TF1 
TCON.7 


TR1 
TCON.6 


TFO 
TCON.5 


TRO 
TCON.4 


IE1 
TCON.3 


IT1 
TCON.2 


IEO 
TCON.1 


ITO 
TCON.O 


Timer I overflow flag. Set by hardware when the Timer/Counter 
I overflows. Cleared 
by hardware as processor vectors to the interrupt service routine. 


Timer I run control bit. Set/cleared by software to turn Timer/Counter 
ION/OFF. 


Timer 0 overflow flag. Set by hardware when the Timer/Counter 
0 overflows. Cleared 
by hardware as processor vectors to the service routine. 


Timer 0 run control bit. Set/cleared by software to turn Timer/Counter 
0 ON/OFF. 


External Interrupt I edge flag. Set by hardware when External Interrupt edge is detected, 
cleared by hardware when interrupt is processed. 


Interrupt 
I type control bit. Set/cleared by software to specify falling edge/low level 
triggered External Interrupt. 


External Interrupt 0 edge flag. Set by hardware when External Interrupt edge detected, 
cleared by hardware when interrupt is processed. 


Interrupt 0 type control bit. Set/cleared 
by software to specify falling edgellow 
level 
triggered External Interrupt. 


GATE 
When TRx (in TCON) is set and GATE = 1, TIMERICOUNTERx 
will run only while INTx pin 
is high (hardware control). When GATE = 0, TIMERICOUNTERx 
will run only while TRx = 1 
(software control). 


clf 
Timer or counter selector. Cleared for Timer operation (input from internal system clock). Set 
for Counter operation (input from Tx input pin). 


M1 
Mode selector bit. (NOTE I) 


MO 
Mode selector bit. (NOTE 1) 


M1 
MO 
o 
0 
o 
1 
1 
0 
1 
1 


OPERATING 
MODE 
o 
13-bit Timer (MCS-48 compatible) 
1 
16-bit Timer/Counter 
2 
8-bit Auto-Reload 
Timer/Counter 
3 
(Timer 0) TLO is an 8-bit Timer/Counter 
controlled by the standard Timer 0 control 


bits, THO is an 8-bit Timer and is controlled by Timer 1 control bits. 


3 
(Timer 1) Timer/Counter 
1 stopped. 


Tables 8.3 through 8.6 give some values for TMOD which can be used to set up Timer 0 in different 
modes. 


It is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and 1 simultaneously, 
in any mode, the value in TMOD for Timer 0 must be ORed with the value shown for Timer 1 (tables 8.5 
and 8.6). 


For example if it is desired to run Timer 0 in mode 1 GATE (external control), and Timer 1 in mode 2 
COUNTER, 
then the value that must be loaded into TMOD is 69H (09H from Table 8.3 ORed with 60H 
from Table 8.6). 


Moreover it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a 
different point in the program by setting bit TRx (in TCON) to 1. 


TMOD 


INTERNAL 
EXTERNAL 
TIMER 0 
CONTROL 
CONTROL 
MODE 
FUNCTION 
(NOTE 1) 
(NOTE 2) 


0 
13·bit timer 
OOH 
08H 
1 
16·bit timer 
01H 
09H 
2 
8-bit auto reload 
02H 
OAH 
3 
two 8-bit timers 
03H 
OSH 


TMOD 


INTERNAL 
EXTERNAL 
COUNTER 0 
CONTROL 
CONTROL 
MODE 
FUNCTION 
(NOTE 1) 
(NOTE 2) 


0 
13-bit timer 
04H 
OCH 
1 
16-bit timer 
OSH 
ODH 
2 
8-bit auto reload 
06H 
OEH 
3 
one 8-bit counter 
07H 
OFH 


NOTE 2: The Timer is turned ON/OFF by the 1 to 0 transition on IN'fO (P3.2) when TRO= 1, (hardware 
control). 


TMOD 


INTERNAL 
EXTERNAL 
TIMER 
1 
CONTROL 
CONTROL 
MODE 
FUNCTION 
(NOTE 1) 
(NOTE 2) 


0 
13-bit timer 
OOH 
80H 
1 
16-bit timer 
10H 
90H 
2 
8-bit auto reload 
20H 
AOH 
3 
does not run 
30H 
SOH 


TMOD 


INTERNAL 
EXTERNAL 
COUNTER 
1 
CONTROL 
CONTROL 
MODE 
FUNCTION 
(NOTE 1) 
(NOTE 1) 


0 
13-bit timer 
40H 
COH 
1 
16-bit timer 
50H 
DOH 
2 
8-bit auto reload 
60H 
EOH 
3 
not available 
- 
- 


NOTE 2: 
The Timer is turned ON/OFF by the 1 to 0 transition on INTI (P3.3) when TRI 
= 1, (hardware 


control). 


TF2 
EXF2 
RCLK 
TCLK 
EXEN2 
TR2 
C!T2 
CP/RL2 


TF2 
T2CON.7 
Timer 2 overflow 
flag set by hardware 
and cleared by software. 
TF2 will not set 
when either RCLK = I or CLK = I 


EXF2 
T2CON.6 
Timer 2 external 
flag set when either a capture or reload is caused by a negative 
transition on T2EX, and EXEN2 = I. When Timer 2 interrupt is enabled, 
EXF2 = 1 
will cause the cpu to vector to the Timer 2 interrupt routine. 
EXF2 must be cleared 
by software. 


RCLK 
T2CON.5 
Receive clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses 
for its receive 
clock in modes 
I & 3. RCLK=O 
causes Timer 
I overflow 
to be 


used for the receive clock. 


TCLK 
T2CON.4 
Transmit 
clock 
flag. When 
set, causes 
the Serial Port to use Timer 
2 overflow 
pulses for its transmit clock in modes I & 3. TCLK = 0 causes Timer 1 overflows 
to be used for the transmit clock. 


Timer 2 external 
enable flag. When set, allows a capture 
or reload to occur as a 
result of negative 
transition 
on T2EX 
if Timer 
2 is not being used to clock the 
Serial Port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX. 


Software START/STOP 
control for Timer 2. A logic I starts the Timer. 


Timer or Counter select. 
0= Internal Timer. 
I = External Event Counter (falling edge triggered). 


Capture/Reload 
flag. When set, captures will occur on negative transitions 
at T2EX 
if EXEN2 = 1. When cleared, Auto-Reloads 
will occur either with Timer 2 overflows 


or negative 
transitions 
at T2EX 
when 
EXEN2 = I. When 
either 
RCLK = I or 
TCLK = I, this bit is ignored and the Timer is forced to Auto-Reload 
on Timer 2 


overflow. 


TR2 
T2CON.2 


CIT2 
T2CON.1 


Except for the baud rate generator mode, the values given for T2CON do not include the setting of the 
TR2 bit. Therefore, bit TR2 must be set, separately, to turn the timer on. 


T2CON 


INTERNAL 
EXTERNAL 
CONTROL 
CONTROL 
MODE 
(NOTE 1) 
(NOTE 2) 


16-bit auto-reload 
OOH 
08H 


16-bit capture 
01H 
09H 


BAUD rate generator 
receive & 
transmit 
same baud rate 
34H 
36H 


receive only 
24H 
26H 


transmit 
only 
14H 
16H 


T2CON 


INTERNAL 
EXTERNAL 
CONTROL 
CONTROL 
MODE 
(NOTE 1) 
(NOTE 2) 


16·bit auto-reload 
02H 
OAH 


16-bit capture 
03H 
OBH 


NOTE 2: Capture/Reload occurs on Timer/Counter overflow and a I to 0 transition on T2EX (PI. I) pin 


except when Timer 2 is used in the baud rate generating mode. 


SMa 


SM1 


SM2 


SCON.? 


SCON.6 


SCON.5 


REN 
SCON.4 


TB8 
SCON.3 


RB8 
SCON.2 


TI 
SCON.1 


RI 
SCON.a 


Serial Port mode specifier. 
(NOTE 
I). 


Serial Port mode specifier. 
(NOTE 
I) 


Enables 
the multiprocessor 
communication 
feature in modes 2 & 3. In mode 2 or 3, 


if SM2 is set to 1 then RI will not be activated if the received 9th data bit (RB8) is O. 
In mode 1, if SM2 = 1 then RI will not be activated if a valid stop bit was not received. 
In mode 0, SM2 should be O. 


Set/Cleared 
by software to Enable/Disable 
reception. 


The 9th bit that will be transmitted 
in modes 2 & 3. Set/Cleared 
by software. 


In modes 2 & 3 if the 9th data bit that was received. 
In mode I, if SM2 = 0, RB8 is 


the stop bit that was received. 
In mode 0, TB8 is not used. 


Transmit 
interrupt 
flag. Set by hardware 
at the end of the 8th bit time in mode 0, or 


at the beginning 
of the stop bit in the other modes. Must be cleared by software. 


Receive 
interrupt 
flag. Set by hardware 
at the end of the 8th bit time in mode 0, or 


halfway through the stop bit time in the other modes (except see SM2). Must be cleared 
by software. 


NOTE 1: 
SMa 
SM1 
MODE 
DESCRIPTION 
BAUD RATE 
a 
a 
a 
SHIFT REGISTER 
Fosc.l12 
a 
1 
1 
8-Bit UART 
Variable 
1 
a 
2 
9-Bit UART 
Fosc.l64 
OR 
Fosc.l32 
3 
9-Bit UART 
Variable 


MODE 
SCON 
SM2 VARIATION 


0 
10H 
SINGLE 
PROCESSOR 
1 
SOH 
ENVIRONMENT 
2 
90H 
(SM2=O) 
3 
DOH 


0 
NA 
MULTIPROCESSOR 
1 
70H 
ENVIRONMENT 
2 
BOH 
(SM2 = 1) 
3 
FOH 


Mode 0 has a fixed baud rate which is 1112 of the oscillator 
frequency. 
To run the serial port in this mode 
none of the timer/counters 
need to be set up. Only the SCaN register needs to be defined. 


BAUD RATE 
= Osc Freq 
12 


BAUD RATE = 
K x Oscillator 
freq. 


32 x 12 x [256-(TH1)] 
If SMOD = 0, then K = 1 . 
If SMOD 
= 1, then K = 2. (SMOD is in the PCON register). 


Most of the time the user knows the baud rate and needs to know the reload value for THI. 
Therefore, 


the equation 
can be written as: 


TH1 = 256 _ 
K x Osc freq 
384 x baud rate 


Since the PCON register is not bit addressable, 
one way to set the bit is logical ORing the PCON register, 


(ie, ORL PCON,#80H). 
The address of PCON is 87H. 


For this purpose 
timer 2 must be used in the baud rate generating 
mode (refer to timer 2 set up table in 


this chapter). 
If timer 2 is being clocked through pin T2 (Pl.O) the baud rate is: 


B 
d R 
Timer 2 Overflow 
Rate 


au 
ate = 
16 


B 
d R 
_ 
Osc Freq 
au 
ate - 
32 x [65536 
- 
(RCAP2H, 
RCAP2L)] 


RCAP2H 
RCAP2L 
= 65536 
_ 
Osc Freq 
, 
32 x Baud Rate 


The baud rate is fixed in this mode and is 1/32 or l/64 of the oscillator frequency depending on the value 
of the SMOD bit in the PCON register. 


The MCS®-51 
instruction 
set includes 
III 
instructions, 
49 of which 
are single-byte, 
45 two-byte 
and 17 three 
byte. The instruction 
op code format consists of a function 
mnemonic 
followed 
by a "destination, 
source" 
operand 
field. 
This 
field specifies 
the data type and addressing 
methodes) 
to be used. 


The MCS-51 
instruction 
set is divided into four functional 
groups: 


• 
Data Transfer 


• 
Arithmetic 


• 
Logic 


• 
Control 
Transfer 


Data transfer 
operations 
are divided 
into three classes: 


• 
General 
Purpose 


• 
Accumulator-Specific 


• 
Address-Object 


None 
of these 
operations 
affect 
the PSW 
flag settings 
except 
a POP or MaY 
directly 
to the PSW. 


• 
MaY 
performs 
a bit or a byte transfer from the source 
operand 
to the destination 
operand. 


• 
PUSH 
increments 
the SP register 
and then transfers 
a 
byte from the source operand 
to the stack location cur- 
rently addressed 
by SP. 


• 
POP transfer 
a byte operand 
from the stack location 
addressed 
by SP to the destination 
operand 
and then 
decrements 
SP. 


• 
XCH exchanges 
the byte source operand 
with register 
A (accumulator). 


• 
XCHD 
exchanges 
the 
low-order 
nibble 
of the byte 
source operand 
with the low-order 
nibble of A. 


• 
MOYX 
performs 
a byte move 
between 
the External 
Data Memory 
and the accumulator. 
The external 
ad- 
dress can be specified by the DPTR register (16-bit) or 
the RI or RO register 
(8-bit). 


• 
MOYC 
moves 
a byte 
from Program 
memory 
to the 
accumulator. 
The operand 
in A is used as an index into 
a 256-byte 
table pointed to by the base register (DPTR 
or PC). The byte operand 
accessed 
is transferred 
to the 
accumulator. 


• 
MaY 
DPTR, 
#data 
loads 
16-bits of immediate 
data 
into a pair of destination 
registers, ·DPH and DPL. 


The 8051 has four basic mathematical 
operations. 
Only 
8-bit operations 
using unsigned 
arithmetic 
are supported 
directly. 
The overflow flag, however, 
permits the addition 
and subtraction 
operation 
to serve for both unsigned 
and 
signed binary integers. 
Arithmetic 
can also be performed 
directly 
on packed 
decimal 
(BCD) representations. 


• 
INC (increment) 
adds one to the source 
operand 
and 
puts the result in the operand. 


• 
ADD 
adds 
A to the source 
operand 
and returns 
the 
result to A. 


• 
ADDC (add with Carry) adds A and the source operand, 
then adds one (I) if CY is set, and puts the result in A. 


• 
DA (decimal-add-adjust 
for BCD addition) corrects the 
sum which results from the binary addition of two two- 
digit 
decimal 
operands. 
The 
packed 
decimal 
sum 
formed 
by DA is returned 
to A. CY is set if the BCD 
result is greater than 99; otherwise, 
it is cleared. 


• 
SUBB 
(subtract 
with 
borrow) 
subtracts 
the 
second 
source 
operand 
from the first operand 
(the accumula- 
tor), subtracts one (I) if CY is set and returns the result 
to A. 


• 
DEC 
(decrement) 
subtracts 
one (I) 
from the source 
operand 
and returns the result to the operand. 


• 
MUL 
performs 
an unsigned 
multiplication 
of the A 
register by the B register, 
returning a double-byte 
result. 
A receives 
the low-order 
byte, 
B receives 
the high- 
order byte. 
OV is cleared 
if the top half of the result 
is zero and is set if it is non-zero. 
CY is cleared. 
AC 
is unaffected. 


• 
DIV performs 
an unsigned 
division 
of the A register 
by the B register 
and returns the integer quotient 
to A 
and returns 
the fractional 
remainder 
to the B register. 
Division 
by zero leaves indeterminate 
data in registers 
A and B and sets OV; otherwise 
OV is cleared. 
CY is 
cleared. 
AC is unaffected. 


Unless otherwise 
stated in the above descriptions, 
the 
flags of PSW are affected 
as follows: 


• 
CY is set if the operation 
causes a carry to or from the 
resulting 
high-order 
bit. Otherwise 
CY is cleared. 


• 
AC is set if the operation 
results 
in a carry from the 
low-order 
four bits of the result (during addition), 
or a 
borrow 
from the high-order 
bits to the low-order 
bits 
(during 
subtraction); 
otherwise 
AC is cleared. 


• 
OV is set if the operation 
results in a carry to the high- 
order 
bit of the result but not a carry from the high- 
order bit, or vice versa; otherwise 
OV is cleared. 
OV 
is used 
in two's-complement 
arithmetic, 
because 
it 
is set when the signed result cannot 
be represented 
in 
8 bits. 


• 
P is set if the modulo 
2 sum of the eight bits in the 
accumulator 
is I (odd parity); 
otherwise 
P is cleared 
(even 
parity). 
When 
a value 
is written 
to the PSW 
register, 
the P bit remains 
unchanged, 
as it always re- 
flects the parity of A. 


The 8051 performs 
basic logic operations 
on both bit and 
byte operands. 


• 
CPL is used to compliment 
the contents of the A register 
without affecting 
any flags, or any directly addressable 
bit location. 


• 
RL, RLC, 
RR, RRC, 
SWAP 
are the five rotate oper- 
ations that can be performed 
on A. RL, rotate left, RR 
rotate 
right, 
RLC, 
rotate 
left through 
C, RRC rotate 
right through C, and SWAP, 
rotate left four. For RLC 
and RRC 
the CY flag becomes 
equal 
to the last bit 
rotated 
out. 
SWAP 
rotates 
A left four places 
to ex- 
change 
bits 3 through 
0 with bits 7 through 4. 


• 
ANL performs 
bitwise 
logical AND of two source op- 
erands 
(for both bit and byte operands) 
and returns the 
result to the location 
of the first operand. 


• 
ORL performs 
bitwise 
logical 
OR of two source 
op- 
erands (for both bit and byte operands) 
and returns the 
result to the location 
of the first operand. 


• 
XRL performs 
bitwise 
logical XOR of two source op- 
erands 
(byte 
operands) 
and returns 
the result 
to the 
location 
of the first operand. 


There are three classes of control transfer operations: 
un- 
conditional 
calls, 
returns 
and jumps; 
conditional 
jumps; 
and interrupts. 
All control transfer operations 
cause, some 
upon a specific condition, 
the program 
execution 
to con- 
tinue at a non-sequential 
location 
in program 
memory. 


UNCONDITIONAL 
CALLS, 
RETURNS 
AND JUMPS 


Unconditional 
calls, 
returns 
and jumps 
transfer 
control 
from the current value of the Program Counter to the target 
address. 
Both direct and indirect transfers 
are supported. 


• 
ACALL 
and LCALL 
push the address 
of the next in- 
struction 
onto the stack and then transfer control to the 
target 
address. 
ACALL 
is a 2-byte 
instruction 
used 
when 
the target 
address 
is in the current 
2K page. 
LCALL 
is a 3-byte 
instruction 
that addresses 
the full 
64K program 
space. 
In ACALL, 
immediate 
data (i.e., 


an II bit address field) is concatenated 
to the five most 
significant 
bits of the PC (which is pointing 
to the next 
instruction). 
If ACALL 
is in the last 2 bytes of a 2K 
page then the call will be made to the next page since 
the PC will have been incremented 
to the next instruc- 
tion prior to execution. 


• RET transfers control to the return address saved on 
the stack by a previous call operation and decrements 
the SP register by two (2) to adjust the SP for the popped 
address. 


• AJMP, UMP and SJMP transfer control to the target 
operand. The operation of AJMP and UMP are anal- 
ogous to ACALL and LCALL. The SJMP (shortjump) 
instruction provides for transfers within a 256-byte 
range centered about the starting address of the next 
instruction (-128 
to + 127). 


• JMP @A+ DPTR performs a jump relative to the 
DPTR register. The operand in A is used as the offset 
(0-255) to the address in the DPTR register. Thus, the 
effective destination for a jump can be anywhere in the 
Program Memory space. 


Conditional jumps perform a jump contingent upon a spe- 
cific condition. The destination will be within a 256-byte 
range centered about the starting address of the next in- 
struction (- 128 to + 127). 


• JZ performs a jump if the accumulator is zero. 
• JNZ performs a jump if the accumulator is not zero. 
• JC performs a jump if the carry flag is set. 
• JNC performs a jump if the carry flag is not set. 
• JB performs a jump if the Direct Addressed bit is set. 


• JNB performs a jump if the Direct Addressed bit is not 
set. 
• JBC performs a jump if the Direct Addressed bit is set 
and then clears the Direct Addressed bit. 


• ONE compares the first operand to the second operand 
and performs a jump if they are not equal. CY is set if 
the first operand is less than the second operand; oth- 
erwise it is cleared. Comparisons can be made between 
directly addressable bytes in Internal Data Memory or 


between an immediate value and either A, a register in 
the selected Register Bank, or a Register-Indirect ad- 
dressed byte of Internal RAM. 
• DJNZ decrements the source operand and returns the 
result to the operand. A jump is performed if the result 
is not zero. The source operand of the DJNZ instruction 
may be any byte in the Internal Data Memory. Either 
Direct or Register Addressing may be used to address 
the source operand. 


• RETI transfers control as does RET, but additionally 
enables interrupts of the current priority level. 


Each of the 51 basic MCS-51 operations, ordered alpha- 
betically according to the operation mnemonic are de- 
scribed beginning page 8-33. 


A brief example of how the instruction might be used is 
given as well as its effect on the PSW flags. The number 
of bytes and machine cycles required, the binary machine- 
language encoding, and a symbolic description or restate- 
ment of the function is also provided. 


Note: Only the carry, auxiliary-carry, and overflow flags 
are discussed. The parity bit is computed after every in- 
struction cycle that alters the accumulator. Similarly, in- 
structions which alter directly addressed registers could 
affect the other status flags if the instruction is applied to 
the PSW. Status flags can also be modified by bit- 
manipulation. 


For details on the MCS-51 assembler, ASM51, refer to 
the MCS-51 Macro Assembler User's Guide, publication 
number 9800937. 


Interrupt 
Response 
Time: To finish execution 
of current 
instruction, 
respond 
to the interrupt 
request, 
push the PC 
and to vector to the first instruction 
of the interrupt service 
program 
requires 
38 to 86 oscillator 
periods (3 to 7 J.LS @ 
12 MHz). 
INSTRUCTIONS 
THAT 
AFFECT 
FLA~ 
SETTINGS' 


INSTRUCTION 
FLAG 
INSTRUCTION 
FLAG 


C 
OV AC 
C 
OVAC 
ADD 
X 
X 
X 
CLRC 
0 
ADDC 
X 
X 
X 
CPLC 
X 
SUBB 
X 
X 
X 
ANLC,bit 
X 
MUL 
0 
X 
ANLC,/bit 
X 
DlV 
0 
X 
ORLC,bit 
X 
DA 
X 
ORLC,bit 
X 
RRC 
X 
MOVC,bit 
X 
.RLC 
X 
CJNE 
X 
SETB 
C 
I 


INote 
that 
operations 
on 
SFR 
byte 
address 
208 or 
bit ad- 
dresses 
209-215 
(i.e., 
the 
PSW 
or bits in the 
PSW) 
will also 
affect flag settings. 


Oscillator 
Mnemonic 
Description 
Byte 
Period 


ADD 
A,Rn 
Add register 
to 
12 
Accumulator 
ADD 
A,direct 
Add direct 
byte to 
2 
12 
Accumulator 
ADD 
A,@Ri 
Add indirect 
RAM 
12 
to Accumulator 
ADD 
A,#data 
Add immediate 
2 
12 
data to 
Accumulator 
ADDC 
A,Rn 
Add register 
to 
12 
Accumulator 
with Carry 
ADDC 
A,direct 
Add direct 
byte to 
2 
12 
Accumulator 
with Carry 
ADDC 
A,@Ri 
Add indirect 
12 
RAMto 
Accumulator 
with Carry 
ADDC 
A,#data 
Add immediate 
2 
12 
data to Acc 
with Carry 
SUBB 
A,Rn 
Subtract 
register 
12 
from 
Acc with 
borrow 
SUBB 
A,direct 
Subtract 
direct 
2 
12 
byte from Acc 
with borrow 


Notes on instruction 
set and addressing 
modes: 
Rn 
-Register 
R 7-RO 
of the currently 
selected 
Register 
Bank. 
direct 
-8-bit 
internal 
data 
location's 
address. 
This could 
be 
an Internal 
Data 
RAM 
location 
(0-127) 
or a SFR 
[i.e., 
I/O 
port, 
control 
register, 
status 
register, 
etc. 


(128-255)]. 


@Ri 
-8-bit 
internal 
data 
RAM 
location 
(0-255) 
addressed 
indirectly 
through 
register 
R I or RO. 
#data 
-8-bit 
constant 
included 
in instruction. 
#data 
16-16-bit 
constant 
included 
in instruction 
addr 
16 -16-bit 
destination 
address. 
Used 
by 
LCALL 
& 
LJMP. 
A branch 
can be anywhere 
within 
the 64K- 
byte Program 
Memory 
address 
space. 
addr 
II 
-ll-bit 
destination 
address. 
Used 
by 
ACALL 
& 
AJMP. 
The branch 
will be within 
the same 2K-byte 
page 
of program 
memory 
as the 
first 
byte 
of the 
following 
instruction. 
reI 
-Signed 
(two's 
complement) 
8-bit offset 
byte. 
Used 
by SJMP 
and all conditional 
jumps. 
Range 
is -128 
to + 127 bytes 
relative 
to first byte of the following 
instruction. 
bit 
-Direct 
Addressed 
bit 
in 
Internal 
Data 
RAM 
or 
Special 
Function 
Register. 


-New 
operation 
not provided 
by 8048A H /8049A H. 


ARITHMETIC 
OPERATIONS 
Cont. 


Oscillator 
Mnemonic 
Description 
Byte 
Period 


SUBB 
A.@Ri 
Subtract 
indirect 
12 
RAM 
from Acc 
with borrow 
SUBB 
A,#data 
Subtract 
12 
immediate 
data 
from Acc with 
borrow 
INC 
A 
Increment 
12 
Accumulator 
INC 
Rn 
Increment 
register 
12 
INC 
direct 
Increment 
direct 
12 
byte 
INC 
@Ri 
Increment 
indirect 
12 
RAM 
DEC 
A 
Decrement 
12 
Accumulator 
DEC 
Rn 
Decrement 
12 
Register 
DEC 
direct 
Decrement 
direct 
2 
12 
byte 
DEC 
@Ri 
Decrement 
12 
indirect 
RAM 
INC 
DPTR 
Increment 
Data 
24 
Pointer 
MUL 
AB 
Multiply 
A & B 
48 
DlV 
AB 
Divide A by B 
48 
DA 
A 
Decimal 
Adjust 
12 
Accumulator 


Table 8-10.8051 
Instruction 
Set Summary 
(Continued) 


LOGICAL 
OPERATIONS 
LOGICAL 
OPERATIONS 
Cont. 


Oscillator 
Oscillator 


Mnemonic 
Description 
Byte 
Period 
Mnemonic 
Description 
Byte 
Period 


ANL 
A.Rn 
AND register 
to 
12 
XRL 
A,@Ri 
Exclusive-OR 
12 


Accumulator 
indirect 
RAM 
to 


ANL 
A,direct 
AND 
direct 
byte 
12 
Accumulator 


to Accumulator 
XRL 
A,#data 
Exclusive-OR 
2 
12 


ANL 
A,@Ri 
AND 
indirect 
12 
immediate 
data to 


RAMto 
Accumulator 


Accumulator 
XRL 
direct,A 
Exclusive-OR 
2 
12 


ANL 
A,#data 
AND 
immediate 
2 
12 
Accumulator 
to 


data to 
direct 
byte 


Accumulator 
XRL 
direct,#data 
Exclusive-OR 
3 
24 


ANL 
direct,A 
AND Accumulator 
2 
12 
immediate 
data 
to direct 
byte 
to direct 
byte 
ANL 
direct,#data 
AND 
immediate 
24 
CLR 
A 
Clear 
12 


data to direct 
byte 
Accumulator 
ORL 
A,Rn 
OR register 
to 
12 
CPL 
A 
Complement 
12 


Accumulator 
Accumulator 
ORL 
A,direct 
OR direct 
byte to 
2 
12 
RL 
A 
Rotate 
12 


Accumulator 
Accumulator 
Left 
ORL 
A,@Ri 
OR indirect 
RAM 
12 
RLC 
A 
Rotate 
12 


to Accumulator 
Accumulator 
Left 
ORL 
A,#data 
OR immediate 
2 
12 
through 
the Carry 


data to 
RR 
A 
Rotate 
12 


Accumulator 
Accumulator 
ORL 
direct,A 
OR Accumulator 
2 
12 
Right 
to direct 
byte 
RRC 
A 
Rotate 
12 


ORL 
direct,#data 
OR immediate 
24 
Accumulator 
data to direct 
byte 
Right through 
XRL 
A,Rn 
Exclusive-OR 
12 
the Carry 
register 
to 
SWAP 
A 
Swap nibbles 
12 


Accumulator 
within 
the 
XRL 
A,direct 
Exclusive-OR 
2 
12 
Accumulator 
direct 
byte to 
Accumulator 
All mnemonics 
copyrighted Cllntel Corporation 
1980 


Table 8-10.8051 
Instruction 
Set Summary 
(Continued) 


DATA TRANSFER 
DATA TRANSFER 
Cont. 


Oscillator 
Oscillator 
Mnemonic 
Description 
Byle 
Period 
Mnemonic 
Description 
Byte 
Period 


MOV 
A.Rn 
Move 
12 
MOV 
DPTR,#data 
16 
Load 
Data 
24 
register 
to 
Pointer 
with a 


Accumulator 
16-bit constant 
MOV 
A,direct 
Move direct 
2 
12 
MOVC 
A,@A+DPTR 
Move Code 
24 
byte to 
byte relative 
to 


Accumulator 
DPTR 
toAcc 
MOV 
A,@Ri 
Move indirect 
12 
MOVC 
A,@A+PC 
Move Code 
24 
RAMto 
byte relative 
to 
Accumulator 
PC to Acc 
MOV 
A,#data 
Move 
2 
12 
MOVX 
A,@Ri 
Move 
24 
immediate 
External 


data to 
RAM 
(8-bit 
Accumulator 
addr) 
to Acc 
MOV 
Rn,A 
Move 
12 
MOVX 
A,@DPTR 
Move 
24 
Accumulator 
External 
to register 
RAM 
(l6-bit 


MOV 
Rn,direct 
Move direct 
2 
24 
addr) 
to Acc 
byte to 
MOVX 
@Ri,A 
Move Accto 
24 
register 
External 
RA M 
MOV 
Rn,#data 
Move 
2 
12 
(8-bit addr) 
immediate 
data 
MOVX 
@DPTR,A 
Move Aceto 
24 
to register 
External 
RAM 
MOV 
direct,A 
Move 
2 
12 
(l6-bit 
addr) 
Accumulator 
PUSH 
direct 
Push direct 
2 
24 
to direct 
byte 
byte onto 
MOV 
direct,Rn 
Move register 
2 
24 
stack 
to direct 
byte 
POP 
direct 
Pop direct 
2 
24 
MOV 
direct,direct 
Move direct 
3 
24 
byte from 
byte to direct 
stack 
MOV 
direct,@Ri 
Move indirect 
2 
24 
XCH 
A,Rn 
Exchange 
12 
RAMto 
register 
with 
direct 
byte 
Accumulator 
MOV 
direct,#data 
Move 
24 
XCH 
A,direct 
Exchange 
2 
12 
immediate 
data 
direct 
byte 
to direct 
byte 
with 


MOV 
@Ri,A 
Move 
12 
Accumulator 
Accumulator 
to 
XCH 
A,@Ri 
Exchange 
12 
indirect 
RAM 
indirect 
RAM 
MOV 
@Ri,direct 
Move direct 
2 
24 
with 
byte to 
Accumulator 
indirect 
RAM 
XCHD 
A,@Ri 
Exchange 
low- 
12 
MOV 
@Ri,#data 
Move 
2 
12 
order 
Digit 
immediate 
indirect 
RAM 
data to 
with Acc 
indirect 
RAM 
All mnemonics 
copyrighted elntel Corporation 
1980 


Table 8-10.8051 
Instruction 
Set Summary 
(Continued) 


BOOLEAN 
VARIABLE 
MANIPULATION 
PROGRAM 
BRANCHING 
Cont. 


Oscillator 
Oscillator 
Mnemonic: 
Description 
Byte 
Period 
Mnemonic 
Description 
Byte 
Period 


CLR 
C 
Clear Carry 
I 
12 
RETI 
Return 
from 
24 
CLR 
bit 
Clear direct 
bit 
2 
12 
interrupt 
SETB 
C 
Set Carry 
I 
12 
AJMP 
addrll 
Absolute 
2 
24 
SETB 
bit 
Set direct 
bit 
2 
12 
Jump 
CPL 
C 
Complement 
I 
12 
LJMP 
addrl6 
Long Jump 
3 
24 
Carry 
SJMP 
reI 
Short 
Jump 
2 
24 
CPL 
bit 
Complement 
2 
12 
(relative 
addr) 
direct 
bit 
JMP 
@A+DPTR 
Jump 
indirect 
24 
ANL 
C,bit 
AND 
direct 
bit 
2 
24 
relative 
to the 
to Carry 
DPTR 
ANL 
C,/bit 
AND 
complement 
2 
24 
JZ 
reI 
Jump 
if 
2 
24 
of direct 
bit 
Accumulator 
to Carry 
is Zero 
ORL 
C,bit 
OR direct 
bit 
2 
24 
JNZ 
reI 
Jump 
if 
2 
24 
to Carry 
Accumulator 
ORL 
C,/bit 
OR complement 
2 
24 
is Not Zero 
of direct 
bit 
CJNE 
A,direct,rel 
Compare 
24 
to Carry 
direct 
byte to 


MOV 
C,bit 
Move direct 
bit 
2 
12 
Accand 
Jump 


to Carry 
if Not Equal 
MOV 
bit,C 
Move Carry 
to 
2 
24 
CJNE 
A,#data,rel 
Compare 
3 
24 
direct 
bit 
immediate 
to 
JC 
reI 
Jump 
if Carry 
2 
24 
Acc and Jump 
is set 
if Not Equal 
JNC 
reI 
Jump 
if Carry 
2 
24 
CJNE 
Rn,#data,rel 
Compare 
24 
not set 
immediate 
to 
JB 
bit,rel 
Jump 
if direct 
24 
register 
and 
Bit is set 
Jump 
If Not 
JNB 
bit,rel 
Jump 
if direct 
24 
Equal 
Bit is Not set 
CJNE 
@Ri,#data,rel 
Compare 
3 
24 
JBC 
bit,rel 
Jump 
if direct 
3 
24 
immediate 
to 
Bit is set & 
indirect and 
clear bit 
Jump 
if Not 
Equal 
DJNZ 
Rn,rel 
Decrement 
2 
24 


PROGRAM 
BRANCHING 
register 
and 


Oscillator 
Jump 
if Not 


Mnemonic 
Description 
Byte 
Period 
Zero 
DJNZ 
direct, reI 
Decrement 
3 
24 
ACALL 
addrll 
Absolute 
2 
24 
direct 
byte 
Subroutine 
and Jump 
if 
Call 
Not Zero 
LCALL 
addrl6 
Long 
24 
NOP 
No Operation 
12 
Subroutine 
Call 
All mnemonics 
copyrighted 
Clntel Corporation 
1980 
RET 
Return 
from 
24 
Subroutine 


Function: 


Description: 


Bytes: 
Cycles: 


Absolute Call 


ACALL 
unconditionally 
calls a subroutine 
located at the indicated 
address. 
The instruction increments the PC twice to obtain the address of the following 
instruction, 
then pushes the 16-bit result onto the stack (low-order byte first) 
and increments the stack pointer twice. The destination 
address is obtained by 


successively concatenating 
the five high-order bits of the incremented PC, op- 


code bits 7-5, and the second byte of the instruction. 
The subroutine called must 


therefore 
start within the same 2K block of the program memory as the first 
byte of the instruction 
following ACALL. 
No flags are affected. 


Initially SP equals 07H. The label "SUBRTN" is at program memory location 
0345H. After executing the instruction, 


at location 0123H, SP will contain 09H, internal RAM locations 08H and 09H 
will contain 25H and 01H, respectively, and the PC will contain 0345H. 
2 
2 


I alO 
a9 
a8 
1 I 0 
0 
0 
1 I 
I a7 
a6 
a5 
a4 I a3 
a2 
al 
aO I 


ACALL 


(PC) --- 
(PC) + 2 
(SP) -- 
(SP) + 1 
«SP»-(PC7-0) 
(SP) -- 
(SP) + 1 
«SP» - 
(PC 15-8) 
(PClO-O) -page 
address 


Function: 
Description: 
Add 
ADD adds the byte variable indicated to the accumulator, 
leaving the result in 
the accumulator. 
The carry and auxiliary-carry 
flags are set, respectively, 
if 
there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding un- 
signed integers, the carry flag indicates an overflow occurred. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 
7 but not bit 6; otherwise OV is cleared. When adding signed integers, OV in- 
dicates a negative number produced as the sum of two positive operands, 
or a 
positive sum from two negative operands. 


Four source operand 
addressing modes are allowed: register, direct, register- 
indirect, or immediate. 
The 
accumulator 
holds 
OC3H (llOOOOllB) 
and 
register 
0 holds 
OAAH 
(lOlOlOlOB). The instruction, 


ADD 
A,RO 


will leave 6DH (OI101101B) in the accumulator 
with the AC flag cleared and 
both the carry flag and OV set to 1. 


ADD 
A,Rn 
Bytes: 
Cycles: 


Encoding: 
I 0 
0 
1 
0 11 
r 
r 
r I 


Operation: 
ADD 
(A)- 
(A) + (Rn) 


ADD 
A,direct 
Bytes: 
2 
Cycles: 
1 


I 0 
0 
1 
0 I 0 
1 
0 
1I 
I direct address I 


ADD 
(A)_ 
(A) + (direct) 


ADD 
A,@Ri 
Bytes: 
Cycles: 


Encoding: 
I 0 
0 
1 
0 I 0 
IIi 
I 


Operation: 
ADD 
(A)- 
(A) + «Ri)) 


ADD 
A,#data 
Bytes: 
2 
Cycles: 
1 


I 0 
0 
1 
0 I 0 
1 
0 
0 I 
I immediate data I 


ADD 
(A)_ 
(A) + #data 


Function: 
Description: 


ADDC 
A,Rn 
Bytes: 
Cycles: 


Add with Carry 
ADDC simultaneously 
adds the byte variable indicated, the carry flag and the 
accumulator 
contents, 
leaving the result in the accumulator. 
The carry and 
auxiliary-carry 
flags are set, respectively, if there is a carry-out from bit 7 or bit 
3, and cleared otherwise. 
When adding unsigned integers, the carry flag in- 
dicates an overflow occurred. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carryout of bit 7 
but not out of bit 6; otherwise OV is cleared. When adding signed integers, OV 
indicates a negative number produced as the sum of two positive operands or a 
positive sum from two negative operands. 


Four source operand 
addressing modes are allowed: register, direct, register- 
indirect, or immediate. 
The 
accumulator 
holds 
OC3H (11000011B) 
and 
register 
0 holds 
OAAH 
(101010lOB) with the carry flag set. The instruction, 


ADDC 
A,RO 


will leave 6EH (011011IOB) in the accumulator 
with AC cleared and both the 
carry flag and OV set to 1. 


10 
0 
1 
111 
r 
r 
rl 


Operation: 
ADDC 
(A)-(A) 
+ (C) + (Rn) 


ADDC 
A,direct 
Bytes: 
2 
Cycles: 
1 


I 0 
0 
1 
1 I 0 
1 
0 
11 
I direct address I 


ADDC 
(A)-(A) 
+ (C) + (direct) 


ADDC 
A,@Ri 
Bytes: 
Cycles: 


Operation: 
ADDC 
(A)- 
(A) + (C) + «Ri» 


ADDC 
A,#data 
Bytes: 
2 
Cycles: 
1 


I 0 
0 
1 
1 I 0 
1 
0 
0 I 
I immediate data I 


ADDC 
(A)- 
(A) + (C) + #data 


Function: 
Description: 


Bytes: 
Cycles: 


Absolute Jump 
AJMP transfers program execution to the indicated address, which is formed at 
run-time by concatenating 
the high-order five bits of the PC (after incrementing 
the PC twice), opcode bits 7-5, and the second byte of the instruction. 
The 


destination must therefore be within the same 2K block of program memory as 
the first byte of the instruction 
following AJMP. 


The label "JMPADR" 
is at program memory location 0l23H. The instruction, 


is at location 0345H and will load the PC with 0123H. 
2 
2 


I alO 
a9 
a8 
0 I 0 
0 
0 
1I 
I a7 
a6 
a5 
a4! a3 
a2 
al 
aO I 


AJMP 
(PC)- 
(PC) + 2 
(PClO-O)_ 
page address 


Function: 
Description: 


ANL 
A,Rn 
Bytes: 
Cycles: 


Logical-AND 
for byte variables 
ANL performs 
the bitwise logical-AND 
operation 
between the variables in- 


dicated and stores the results in the destination variable. No flags are affected. 


The two operands allow six addressing mode combinations. 
When the destina- 


tion is the accumulator, 
the source can use register, direct, register-indirect, 
or 


immediate addressing; when the destination 
is a direct address, the source can 


be the accumulator 
or immediate data. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 
If the accumulator 
holds OC3H (llOOOOllB) and register 
0 holds OAAH 


(101010lOB) then the instruction, 


ANL 
A,RO 


will leave 41H (OI00000IB) in the accumulator. 


When the destination 
is a directly addressed 
byte, this instruction 
will clear 


combinations 
of bits in any RAM location or hardware register. The mask byte 


determining 
the pattern of bits to be cleared would either be a constant 
con- 


tained in the instruction 
or a value computed in the accumulator 
at run-time. 


The instruction, 


ANL 
Pl,#Olll0011B 


will clear bits 7, 3, and 2 of output port 1. 


ANL 
(A)_ 
(A) /\ (Rn) 


ANL 
A,direct 
Bytes: 
2 
Cycles: 
1 


ANL 
A,@Ri 
Bytes: 
Cycles: 


Encoding: 


Operation: 


I0 
1 
0 
1 
1 0 
1 
0 
1I I direct address I 


ANL 
(A)- 
(A) 1\ (direct) 


101011011 
il 


ANL 
(A) _ 
(A) 
1\ «Ri» 


ANL 
A,#data 
Bytes: 
2 
Cycles: 
1 


Encoding: 


10 
1 
0 
1I 0 
1 
0 
01 
I immediate data I 


Operation: 
ANL 
(A)_(A) 
1\ 
#data 


ANL 
direct,A 
Bytes: 
2 
Cycles: 
1 


Encoding: 


10 
1 
0 
110 
0 
1 
01 
Idirect address I 


Operation: 
ANL 
(direct)-(direct) 
1\ 
(A) 


ANL 
dlrect,#data 
Bytes: 
3 
Cycles: 
2 


I 0 
1 
0 
11_0_0 
1 I 
Idirect address I Iimmediate data I 


ANL 
(direct) _ 
(direct) 
1\ 
#data 


Function: 
Description: 
Logical-AND 
for bit variables 
If the Boolean value of the source bit is a logical 0 then clear the carry flag; 
otherwise leave the carry flag in its current state. A slash (Uf") preceding the 
operand in the assembly language indicates that the logical complement of the 
addressed bit is used as the source value, but the source bit itself is not affected. 
No other flags are affected. 


Only direct bit addressing is allowed for the source operand. 
Set the carry flag if, and only if, Pl.O = I, ACC. 7 = I, and OV = 0: 


MOV 
C,Pl.O 
;LOAD CARRY WITH INPUT PIN STATE 
ANL 
C,ACC.7 
;AND CARRY WITH ACCUM. 
BIT 7 
ANL 
C,IOV 
;AND WITH INVERSE OF OVERFLOW 
FLAG 


ANL 
C,bit 
Bytes: 
2 
Cycles: 
2 


I 1 
0 
0 
0 I 0 
O. 1 
0 I 
I bit address I 


ANL 
C,/bit 
Bytes: 
Cycles: 


Encoding: 


ANL 
(C)-(C) 
/\ (bit) 


2 
2 


11 
0 
1I 0 
0 
0 
0 I I bit address I 


ANL 
(C) ~ 
(C) /\ I (bit) 


Function: 
Description: 
Compare and Jump if Not Equal. 
CJNE compares the magnitudes of the first two operands, and branches if their 
values are not equal. The branch destination is computed by adding the signed 
relative-displacement 
in the last instruction 
byte to the PC, after incrementing 
the PC to the start of the next instruction. 
The carry flag is set if the unsigned 
integer value of <dest-byte> is less than the unsigned integer value of <src-byte>; 
otherwise, the carry is cleared. Neither operand is affected. 


The first two operands 
allow four addressing 
mode combinations: 
the ac- 
cumulator 
may be compared 
with any directly addressed 
byte or immediate 
data, and any indirect RAM location or working register can be compared with 
an immediate constant. 
The accumulator contains 34H. Register 7 contains 56H. The first instruction in 
the sequence, 


R7 = 6OH. 
IF R7 <60H. 
R7>60H. 


sets the carry flag and branches to the instruction at label NOT--EQ. 
By testing 
the carry flag, this instruction 
determines whether R7 i&greater or less than 
60H. 


If the data being presented to port 1 is also 34H, then the instruction, 


WAIT: 
CJNE 
A,Pl,WAIT 


clears the carry flag and continues with the next instruction 
in sequence, since 
the accumulator 
does equal the data read from Pl. (If some other value was be- 
ing input on PI, the program will loop at this point until the PI data changes to 
34H.) 


CJNE 
A,direct,rel 
Bytes: 
3 
Cycles: 
2 


11 
0 
1 
1 I 0 
1 
0 
1 I 
I direct address I 
I reI. address I 


(PC) ~ 
(PC) + 3 
IF (A) <> (direct) 
THEN 
(PC) ~ 
(PC) + relative offset 
IF (A) < (direct) 
THEN 


CJNE 
A,#data,rel 
Bytes: 
3 
Cycles: 
_2 
_ 
Encoding: 
I 1 
0 
1 
1 I 0 
1 
0 
0 I 
I immediate datal 
1reI. address I 


Operation: 
(PC) +- (PC) + 3 
IF (A) <> data 
THEN 


IF (A) < data 
THEN 


CJNE 
Rn,#data,rel 
Bytes: 
3 
Cycles: 
2 


11 
0 
1 
1 11 
r 
r 
r I I immediate data I 
IreI. address I 


(PC) +- (PC) + 3 


IF (Rn) <> data 
THEN 
(PC) +- (PC) + relative offset 
IF (Rn) < data 
THEN 


CJNE 
@RI,#data,rel 
Bytes: 
3 
Cycles: 
2 


11 
0 
1 
1 I 0 
IIi 
I I immediate data I I reI. address I 


(PC) +- (PC) + 3 


IF «Ri» <> data 
THEN 
(PC) +- (PC) + relative offset 
IF «Ri» < data 
THEN 


Function: 
Description: 
Example: 


Bytes: 
Cycles: 


Clear Accumulator 
The accumulator 
is cleared (all bits set to zero). No flags are affected. 
The accumulator 
contains 5CH (OIOIII00B). The instruction, 


CLR 
A 


will leave the accumulator 
set to OOH(OOOOOOOOB). 
1 
1 


I 1 
1 
1 
0 10 
1 
0 
01 


CLR 
(A)-O 


Function: 
Description: 


CLR 
C 
Bytes: 
Cycles: 


CLR 
bit 
Bytes: 
Cycles: 


Clear bit 
The indicated bit is cleared (reset to zero). No other flags are affected. CLR can 
operate on the carry flag or any directly addressable 
bit. 


Port 1 has previously been written with 5DH (01011 101B). The instruction, 


CLR 
P1.2 


will leave the port set to 59H (01011001B). 


11100100111 


CLR 
(C)-O 


11 
1 
0 
0 I 0 
0 
1 
0 I 
I bit address I 


CLR 
(bit)-O 


Function: 
Description: 


Bytes: 
Cycles: 


Complement 
Accumulator 
Each bit of the accumulator 
is logically complemented (one's complement). 
Bits 
which previously contained a one are changed to zero and vice-versa. No flags 
are affected. 
The accumulat.or contains 5CH (0101ll00B). 
The instruction, 


CPL 
A 


will leave the accumulator 
set to OA3H (l0l000IIB). 
1 
1 
II 0 
1 o---oJ 


CPL 
(A)_ 
i (A) 


Function: 
Description: 


CPL 
C 
Bytes: 
Cycles: 


Complement 
bit 
The bit variable specified is complemented. 
A bit which had been a one is 


changed to zero and vice-versa. No other flags are affected. CLR can operate 
on the carry or any directly addressable 
bit. 


Note: When this instruction 
is used to modify an output pin, the value used as 


the original data will be read from the output data latch, not the input pin. 
Port 1 has previously been written with 5BH (OlOlllOIB). 
The instruction 
se- 


quence, 


CPL 
Pl.l 
CPL 
PI.2 


will leave the port set to 5BH (0101lOll B). 


11 
0 
110011 
1 


CPL 
(C)-- i(C) 


CPL 
bit 
Bytes: 
2 
Cycles: 
1 


11 
0 
1 I 0 
0 
1 
0 I 
I bit address I 


CPL 
(bit)-- -, (bit) 


Function: 
Description: 
Decimal-adjust 
Accumulator 
for Addition 
DA A adjusts the eight-bit value in the accumulator 
resulting from the earlier 
addition of two variables (each in packed-BCD format), producing two four-bit 
digits. Any ADD or AD DC instruction may have been used to perform the ad- 
dition. 
If accumulator 
bits 3-0 are greater than nine (xxxxlOlO-xxxxllll), 
or if the AC 
flag is one, six is added to the accumulator 
producing the proper BCD digit in 
the low-order nibble. This internal addition would set the carry flag if a carry- 
out of the low-order four-bit field propagated through all high-order bits, but it 
would not clear the carry flag otherwise. 


If the carry flag is now set, or if the four high-order 
bits now exceed nine 
(lOlOxxxx-llllxxxx), 
these high-order bits are incremented 
by six, producing 
the proper BCD digit in the high-order nibble. Again, this would set the carry 
flag if there was a carry-out of the high-order bits, but wouldn't clear the carry. 
The carry flag thus indicates if the sum of the original two BCD variables is 
greater than 100, allowing multiple precision decimal addition. 
OV is not af- 
fected. 


All of this occurs during the one instruction cycle. Essentially, this instruction 
performs the decimal conversion by adding OOH,06H, 6OH, or 66H to the ac- 
cumulator, 
depending on initial accumulator 
and PSW conditions. 


Note: DA A cannot simply convert a hexadecimal number in the accumulator 
to BCD notation, 
nor does DA A apply to decimal subtraction. 


Bytes: 
Cycles: 


The accumulator 
holds the value 56H (01010110B) representing 
the packed 
BCD digits of the decimal number 
56. Register 3 contains 
the value 67H 
(01100 III B) representing the packed BCD digits of the decimal number 67. The 
carry flag is set. The instruction 
sequence, 


AD DC 
A,R3 
DA 
A 


will first perform a standard twos-complement 
binary addition, resulting in the 
value OBEH (10111110) in the accumulator. 
The carry and auxiliary carry flags 
will be cleared. 


The Decimal Adjust instruction will then alter the accumulator to the value 24H 
(OOI00I00B), indicating the packed BCD digits of the decimal number 24, the 
low-order two digits of the decimal sum of 56, 67, and the carry-in. The carry 
flag will be set by the Decimal Adjust instruction, 
indicating that a decimal 
overflow occurred. The true sum 56, 67, and 1 is 124. 


BCD variables can be incremented 
or decremented 
by adding 01H or 99H. If 
the accumulator 
initially holds 30H (representing the digits of 30 decimal), then 
the instruction 
sequence, 


ADD 
A,#99H 
DA 
A 


will leave the carry set and 29H in the accumulator, 
since 30 + 99 = 129. The 
low-order byte of the sum can be interpreted 
to mean 30 - 
1 = 29. 
1 
1 
~iiJO 
1 001 


DA 
-contents of Accumulator 
are BCD 
IF 
[[(A3-0) >9] v [(AC) = III 
THEN 
(A3-0) - 
(A3-0) + 6 
AND 
IF 
[[(A7-4) >9] v [(C) = III 
THEN 
(A7-4)- 
(A7-4) + 6 


Function: 
Description: 
Decrement 
The variable 
indicated 
is decremented 
by 1. An original value of OOH will 
underflow to OFFH. No flags are affected. Four operand addressing modes are 
allowed: accumulator, 
register, direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 
Register 0 contains 7FH (OIIIIIIIB). 
Internal RAM locations 7EH and 7FH 
contain OOHand 40H, respectively. The instruction 
sequence, 


DEC 
@RO 
DEC 
RO 
DEC 
@RO 


will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to 
OFFH and 3FH. 


DEC 
A 
Bytes: 
Cycles: 


Encoding: 
I 0 
0 
0 
1 I 0 
1 
0 
0 I 


Operation: 
DEC 
(A)_(A) 
- 
1 


DEC 
Rn 
Bytes: 
Cycles: 


1000 
III 
r 
r 
r 
I 


DEC 
(Rn)_ 
(Rn) - 
1 


DEC 
direct 
Bytes: 
2 
Cycles: 
1 


I 0 
0 
0 
1 I 0 
1 
0 
1 I 
I direct address I 


DEC 
@Ri 
Bytes: 
Cycles: 


DEC 
(direct)_(direct) 
- 
1 


10001101 


DEC 
«Ri))_ 
«Ri)) - 
1 


Function: 
Description: 


Bytes: 
Cycles: 


Divide 
DIV AB divides the unsigned eight-bit integer in the accumulator 
by the un- 


signed eight-bit integer in register B. The accumulator 
receives the integer part 


of the quotient; 
register B receives the integer remainder. 
The carry and OV 


flags will be cleared. 


Exception: 
if B had originally contained 
OOH, the values returned 
in the ac- 


cumulator 
and B-register will be undefined 
and the overflow flag will be set. 


The carry flag is cleared in any case. 
The accumulator 
contains 251 (OFBH or ll111011B) and B contains 18 (12H or 


000100lOB). The instruction, 


DIV 
AB 


will leave 13 in the accumulator 
(ODH orסס oo1 101B) and the value 17 (l1H or 
0001000IB) in B, since 251 = (13 x 18) + 17. Carry and OV will both be 
cleared. 
I 
4 


11000101001 


DIV 


(Ah5-8 _ 
(A) / (B) 
(B)7-0 


Function: 
Description: 
Decrement and Jump if Not Zero 
DJNZ decrements the location indicated by 1, and branches to the address in- 
dicated by the second operand 
if the resulting value is not zero. An original 
value of OOH will underflow 
to OFFH. No flags are affected. 
The branch 
destination 
would be computed 
by adding 
the signed relative-displacement 
value in the last instruction 
byte to the PC, after incrementing 
the PC to the 
first byte of the' following instruction. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output 
data latch, not the input 
pins. 
Internal RAM locations 40H, 50H, and 60H contain the values OIH, 70H, and 
I5H, respectively. The instruction 
sequence, 


DJNZ 
DJNZ 
DJNZ 


40H,LABEL_I 
50H,LABEL-2 
6OH,LABEL_3 


will cause a jump to the instruction 
at label LABEL-2 
with the values OOH, 
6FH, 
and I5H in the three RAM locations. 
The first jump was not taken 
because the result was zero. 


This instruction 
provides a simple way of executing a progmm 
loop a given 
number of times, or for adding a moderate time delay (from 2 to 512 machine 
cycles) with a single instruction. 
The instruction 
sequence, 


MOV 
R2,#8 
TOGGLE: 
CPL 
Pl.7 
DJNZ 
R2,TOGGLE 


will toggle PI. 7 eight times, causing four output pulses to appear at bit 7 of out- 
put port 1. Each pulse will last three machine cycles; two for DJNZ and one to 
alter the pin. 


DJNZ 
Rn,rel 
Bytes: 
2 
Cycles: 
2 


11 
1 
0 
1 11 
r 
r 
r I 
I reI. address I 


DJNZ 
(PC)- 
(PC) + 2 
(Rn)_ 
(Rn) - 
1 
IF 
(Rn) > 0 or (Rn) < 
0 
THEN 
(PC)- 
(PC) + rel 


DJNZ 
direct,rel 
Bytes: 
3 
Cycles: 
2 


11 
1 
0 
1 I 0 
1 
0 
1 I 
I direct address I I reI. address I 


DJNZ 
(PC)- 
(PC) + 2 
(direct)_ 
(direct) - 
1 
IF 
(direct) 
> 0 or (direct) < 
0 
THEN 
(PC)- 
(PC) + rei 


Function: 
Description: 
Increment 
INC increments the indicated variable by I. An original value of OFFH will 
overflow to OOH. No flags are affected. Three addressing modes are allowed: 
register, direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins. 


Register 0 contains 7EH (0111111IOB). Internal RAM locations 7EH and 7FH 
contain OFFH and 40H, respectively. The instruction 
sequence, 


INC 
@RO 
INC 
RO 
INC 
@RO 


will leave register 0 set to 7FH and internal 
RAM locations 
7EH and 7FH 
holding (respectively) DOH and 41H. 


INC 
A 
Bytes: 
Cycles: 


Encoding: 
I 0 
0 
0 
0 I 0 
1 
0 
0 I 


Operation: 
INC 
(A)_ 
(A) + 


INC 
Rn 
Bytes: 
Cycles: 


10 
0 
0 
011 
r 
r iJ 


INC 
(Rn)----(Rn) 
+ 
INC 
direct 
Bytes: 
2 
Cycles: 
1 


I 0 
0 
0 
0 I 0 
1 
0 
1 I 
I direct address I 


INC 
(direct)- 
(direct) + 1 


INC 
@Ri 
Bytes: 
Cycles: 


1000 
01_0_1 
__ 


INC 
«Ri»_ 
«Ri» 
+ 1 


Function: 
Description: 


Bytes: 
Cycles: 


Increment Data Pointer 
Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is per- 
formed; 
an overflow of the low-order 
b)1e of the data pointer (DPL) from 


OFFH to OOHwill increment the high-order byte (DPH). No flags are affected. 


This is the only l6-bit register which can be incremented. 
Registers DPH and DPL contain 12H and OFEH, respectively. The instruction 
sequence, 


INC 
DPTR 
INC 
DPTR 
INC 
DPTR 


will change DPH and DPL to 13H and 01H. 


1 
2 


Encoding: 
11 
0 
1 
0 I 0 
0 
1 
1 I 


INC 
(DPTR)_ 
(DPTR) + 1 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if Bit set 
If the indicated bit is a one, jump to the address indicated; otherwise proceed 
with the next instruction. 
The branch destination 
is computed 
by adding the 
signed relative-displacement 
in the third instruction 
byte to the PC,. after in- 
crementing the PC to the first byte of the next instruction. 
The bit tested is not 
modified. 
No flags are affected. 
The data present 
at input port 
1 is llOOlOlOB. The accumulator 
holds 56 
(OlOlOllOB). The instruction 
sequence, 


JB 
P1.2,LABELl 
JB 
ACC.2,LABEL2 


will cause program execution to branch to the instruction 
at label LABEL2. 


3 
2 


I 0 
0 
1 
0 I 0 
0 
0 
0 I 
I bit address I 
I reI. address I 


JB 
(PC) - 
(PC) + 3 
IF 
(bit) = 1 
THEN 


Function: 
Description: 
Jump if Bit is set and Clear bit 
If the indicated bit is one, branch to the address indicated; otherwise proceed with 
the next instruction. The bit will not be cleared if it is already a zero. The branch 
destination is computed by adding the signed relative-displacement in the third in- 
struction byte to the PC, after incrementing the PC to the first byte of the next 
instruction. No flags are affected. 


Note: When this instruction is used to test an output pin, the value used as the 
original data will be read from the output data latch, not the input pin. 
The accumulator 
holds 56H (OlOlOllOB). The instruction 
sequence, 


JBC 
ACC.3,LABELl 
JBC 
ACC.2,LABEL2 


will cause program 
execution to continue at the instruction 
identified 
by the 
label LABEL2, with the accumulator 
modified to 52H (OlOlOOlOB). 


Bytes: 
3 
Cycles: 
2 


I 0 
0 
0 
1 I 0 
0 
0 
0 I 
I bit address I 
I reI. address I 


JBC 
(PC) - 
(PC) + 3 
IF 
(bit) = 1 
THEN 
(bit)_O 
(PC)- 
(PC) + rei 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if Carry is set 
If the carry flag is set, branch to the address indicated; otherwise proceed with 
the next instruction. 
The branch destination 
is computed by adding the signed 


relative-displacement 
in the second instruction 
byte to the PC, after incremen- 


ting the PC twice. No flags are affected. 
The carry flag is cleared. The instruction 
sequence, 


JC 
LABELl 
CPL 
C 
JC 
LABEL2 


will set the carry and cause program execution to continue at the instruction 
identified by the label LABEL2. 
2 
2 


I 0 
1 
0 
0 I 0 
0 
0 
0 I 
I reI. address I 


JC 
(PC)-(PC) 
+ 2 
IF 
(C) = 1 
THEN 


Function: 
Description: 


Bytes: 
Cycles: 


Jump indirect 
Add the eight-bit unsigned contents of the accumulator with the sixteen-bit data 
pointer, ahd load the resulting sum to the program counter. This will be the ad- 
dress for subsequent 
instruction 
fetches. 
Sixteen-bit 
addition 
is performed 
(modulo 216): a carry-out from the low-order eight bits propagates through the 
higher-order 
bits. Neither the accumulator 
nor the data pointer is altered. No 
flags are affected. 
An even number from 0 to 6 is in the accumulator. 
The following sequence of 
instructions will branch to one of four AJMP instructions in a jump table start- 
ing at JMP _ TBL: 


MOV 
JMP 
JMP _ TBL: 
AJMP 
AJMP 
AJMP 
AJMP 


DPTR,#JMP _TBL 
@A+DPTR 
LABELO 
LABELl 
LABEL2 
LABEL3 


If the accumulator 
equals 04H when starting this sequence, execution will jump 
to label LABEL2. Remember that AJMP is a two-byte instruction, 
so the jump 
instructions 
start at every other address. 
1 
2 


JMP 
(PC)--(A) 
+ (DPTR) 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if Bit Not set 
If the indicated bit is a zero, branch to the indicated address; otherwise proceed 
with the next instruction. 
The branch destination 
is computed 
by adding the 
signed relative-displacement 
in the third instruction 
byte to the PC, after in- 


crementing the PC to the first byte of the next instruction. 
The bit tested is not 
modified. 
No flags are affected. 
The data present at input port 1 is llOOlOlOB. The accumulator 
holds 56H 
(010101 lOB). The instruction 
sequence, 


JNB 
Pl.3,LABELl 
JNB 
ACC.3,LABEL2 


will cause program execution to continue at the instruction 
at iabel LABEL2. 
3 
2 


10 
0 
1 I 0 
0 
0 
0 I I bit address I 
I reI. addres!J 


JNB 
(PC)-(PC) 
+ 3 
IF (bit) = 0 
THEN (PC) - 
(PC) + reI. 


Function: 
Description: 
Jump if Carry not set 
If the carry flag is a zero, branch to the address indicated; otherwise proceed 
with the next instruction. 
The branch destination 
is computed 
by adding the 
signed relative-displacement 
in the second instruction 
byte to the PC, after in- 
crementing the PC twice to point to the next instruction. 
The carry flag is not 
modified. 
The carry flag is set. The instruction 
sequence, 


JNC 
LABELl 
CPL 
C 
JNC 
LABEL2 


will clear the carry and cause program execution to continue at the instruction 
identified by the label LABEL2. 


Bytes: 
2 
Cycles: 
2 


o 
1 I 0 
0 
0 
0 I 
I reI. address I 


JNC 
(PC)- 
(PC) + 2 
IF 
(C) = 0 
THEN 
(PC)-(PC) 
+ rei 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if accumulator 
Not Zero 
If any bit of the accumulator 
is a one, branch to the indicated address; other- 


wise proceed with the next instruction. 
The branch destination 
is computed by 


adqing the signed relative-displacement 
in the second instruction 
byte to the 
PC, after incrementing 
the PC twice. The accumulator 
is not modified. 
No 
flags are affected. 
The accumulator 
originally holds OOH.The instruction 
sequence, 


JNZ 
LABELl 
INC 
A 
JNZ 
LABEL2 


will set the accumulator 
to OlH and continue at label LABEL2. 
2 
2 


1 
1 I 0 
0 
0 
0 I I reI. address] 


JNZ 
(PC)- 
(PC) + 2 
IF 
(A) ~O 
THEN 
(PC)- 
(PC) + rei 


Function: 
Description: 


Bytes: 
Cycles: 


Jump if Accumulator 
Zero 
If all bits of the accumulator 
are zero, branch to the address indicated; other- 
wise proceed with the next instruction. 
The branch destination 
is computed by 
adding the signed relative-displacement 
in the second instruction 
byte to the 
PC, after incrementing 
the PC twice. The accumulator 
is not modified. 
No 
flags are affected. 
The accumulator 
originally contains 01H. The instruction 
sequence, 


JZ 
LABELl 
DEC 
A 
JZ 
LABEL2 


will change the accumulator to OOHand cause program execution to continue at 
the instruction 
identified by the label LABEL2. 
2 
2 


o I 0 
0 
0 
0 I 
I reI. address I 


JZ 
(PC)-(PC) 
+ 2 
IF 
(A) = 0 
THEN 
(PC) -(PC) 
+ rei 


Function: 
Description: 
Long Call 
LCALL 
calls a subroutine 
located at the indicated 
address. 
The instruction 
adds three to the program counter to generate the address of the next instruc- 
tion and then pushes the 16-bit result onto the stack (low byte first), increment- 
ing the stack pointer by two. The high-order and low-order bytes of the PC are 
then loaded, respectively, with the second and third bytes of the LCALL in- 
struction. Program execution continues with the instruction at this address. The 
subroutine may therefore begin anywhere in the full 64K-byte program memory 
address space. No flags are affected. 


Bytes: 
Cycles: 


Initially the stack pointer equals 07H. The label "SUBRTN" is assigned to pro- 
gram memory location 1234H. After executing the instruction, 


at location 0123H, the stack pointer will contain 09H, internal RAM locations 
08H and 09H will contain 26H and 01H, and the PC will contain 1235H. 
3 
2 


I 0 
0 
0 
1 I 0 
0 
1 
0 I 
I addr 15 - addr8 I 
I addr7 - addrO I 


LCALL 
(PC) -- 
(PC) + 3 
(SP) -- 
(SP) + 1 
«SP»_ 
(PC7-0) 
(SP)-(SP) 
+ 1 
«SP»-(PC15-8) 
(PC) -- 
addq5-0 


Function: 
Description: 


Bytes: 
Cycles: 


Long Jump 
LJMP causes an unconditional 
branch to the indicated address, by loading the 
high-order 
and low-order bytes of the PC (respectively) with the second and 
third instruction 
bytes. The destination 
may therefore 
be anywhere in the full 
64K program memory address space. No flags are affected. 
The label "JMPADR" 
is assigned to the instruction 
at program memory loca- 
tion 1234H. The instruction, 


at location 0123H will load the program counter with 1234H. 
3 
2 


I 0 
0 
0 
0 I 0 
0 
1 
01 
I addr15 - addrBJ 
I addr7 - addrol 


LJMP 
(PC)- 
addq 5-0 


Function: 
Description: 
Move byte variable 
The byte variable indicated by the second operand is copied into the location 
specified by the first operand. The source byte is not affected. No other register 
or flag is affected. 


This is by far tlie most flexible operation. 
Fifteen combinations 
of source and 
destination 
addressing modes are allowed. 
Internal 
RAM location 30H holds 4OH. The value of RAM location 40H is 
lOH. The data present at input port 1 is llOOlOlOB (OCAH). 


MaV 
RO,#30H 
;RO<= 30H 
MaV 
A,@RO 
;A < = 40H 
MaV 
Rl,A 
;Rl < = 40H 
MaV 
R,@Rl 
;B < = lOH 
MaV 
@RI,PI 
;RAM (40H) < = OCAH 
MaV 
P2, PI 
;P2 #OCAH 


leaves the value 30H in register 0, 40H in both the accumulator 
and register I, 


lOH in register B, and OCAH (110010lOB) both in RAM location 40H and out- 
put on port 2. 


MOV 
A,Rn 
Bytes: 
Cycles: 


Encoding: 
I I 
I 
I 
o II 
r 
r 
rl 


Operation: 
Mav 
(A)-(Rn) 


*MOV 
A,direct 
Bytes: 
2 
Cycles: 
1 


Encoding: 
II 
I 
010 
I 
0 
II 
I direct address I 


Operation: 
Mav 
(A)- 
(direct) 


MOV 
A,@Ri 
Bytes: 
Cycles: 


Encoding: 
11 
1 
1 
010 
1 
1 


Operation: 
Mav 
(A)_ 
«Ri» 


MOV 
A,#data 
Bytes: 
2 
Cycles: 
1 


Encoding: 
10 
1 
1 
1 I 0 
1 
0 
01 
I immediate data I 


Operation: 
Mav 
(A)-#data 


MOV 
Rn,A 
Bytes: 
Cycles: 


Encoding: 
11 
1 
1 
1 11 
r 
r 
r I 


Operation: 
Mav 
(Rn)_(A) 


MOV 
Rn,direct 
Bytes: 
2' 


Cycles: 
2 


Encoding: 
11 
0 
1 o 11 
r 
r 
r I 
Idirect addr. I 


Operation: 
Mav 
(Rn)- 
(direct) 


MOV 
Rn,#data 
Bytes: 
2 
Cycles: 
1 


Encoding: 


10 
1 
1 
1 11 
r 
r 
r I 
Iimmediate data I 


Operation: 
MaV 
(Rn)_#data 


MOV 
direct,A 
Bytes: 
2 
Cycles: 
1 


Encoding: 
11 
1 
1 
11 0 
1 
0 
11 
I direct address I 


Operation: 
MOV 
(direct)_ 
(A) 


MOV 
dlrect,Rn 
Bytes: 
2 
Cycles: 
2 


Encoding: 
11 
0 
0 o 11 
r 
r 
r I 
I direct address I 


Operation: 
MOV 
(direct)- 
(Rn) 


MOV 
dlrect,dlrect 
Bytes: 
3 
Cycles: 
2 


11 
0 
0 
0 I 0 
1 
0 
11 
Idir. addr. (src) I 
I dir. addr. (dest) I 


Operation: 
MOV 
(direct)- 
(direct) 


MOV 
dlrect,@RI 
Bytes: 
2 
Cycles: 
2 


11 
0 
0 
0 I 0 
IIi 
I 
Idirect addr.1 


Operation: 
MOV 
(dinict)-«Ri» 


MOV 
direct,#data 
Bytes: 
3 
Cycles: 
2 


I0 
I 
I 
I I 0 
I 
0 
I I Idirect address I Iimmediate data I 


MOV 
(direct)_ 
#data 


MOV 
@Ri,A 
Bytes: 
Cycles: 


1 
1 10 


Operation: 
MOV 
«Ri»_(A) 
MOV 
@Ri,direct 
Bytes: 
2 
Cycles: 
2 


11 
0 
1 
0 I 0 
Iii 
I 
I direct addr.1 


Operation: 
MOV 
«Ri»_(direct) 


MOV 
@Ri,#data 
Bytes: 
2 
Cycles: 
1 


1 
i I I immediate data I 


MOV 
«RI» 
#data 


Function: 
Description: 
Move bit data 
The Boolean variable indicated by the second operand is copied into the loca- 
tion specified by the first operand. One of the operands must be the carry flag; 
the other may be any directly addressable bit. No other register or flag is af- 
fected. 
. 


The carry flag is originally set. The data present at input port 3 is ll000lOlB. 
The data previously written to output port 1 is 35H (OOllOIOlB). 


MOV 
Pl.3,C 
MOV 
C,P3.3 
MOV 
P1.2,C 


will leave the carry cleared and change port 1 to 39H (OOIII00IB). 


MOV 
C,bit 
Bytes: 
2 
Cycles: 
1 


Encoding: 
11 
0 
1 
010 
0 
1 oj 
I bit address 
I 


Operation: 
Mav 
(C)-(bit) 


MOV 
bit,C 
Bytes: 
2 
Cycles: 
2 


Encoding: 
11 
0 
0 
1 10 
0 
1 
01 
I bit address 
I 


Operation: 
Mav 
(bit)-(C) 


Function: 
Description: 


Bytes: 
Cycles: 


Load Data Pointer with a 16-bit constant 
The data pointer is loaded with the 16-bit constant indicated. 
The 16-bit con- 


stant is loaded into the second and third bytes of the instruction. 
The second 
byte (DPH) is the high-order byte, while the third byte (DPL) holds the low- 
order byte. No flags are affected. 


This is the only instruction 
which moves 16 bits of data at once. 
The instruction, 
Mav 
DPTR,#1234H 


will load the value 1234H into the data pointer: DPH will hold 12H and DPL 
will hold 34H. 
3 
2 


11 
0 
0 
1 I 0 
0 
0 
0 I 
I immed. data15 - 81 
I immed. data7 - 0 I 


Mav 
(DPTR)-#dataI5-0 


DPH D DPL--#dataI5_8 
D #data7_0 


Function: 
Description: 
Move Code byte 
The MOVC instructions 
load the accumulator 
with a code byte, or constant 
from program 
memory. 
The address of the byte fetched is the sum of the 
original unsigned eight-bit accumulator 
contents and the contents of a sixteen- 
bit base register, which may be either the data pointer or the PC. In the latter 
case, the PC is incremented to tne address of the following instruction 
before 
being added with the accumulator: 
otherwise the base register is not altered. 
Sixteen-bit addition is performed 
so a carry-out 
from the low-order eight bits 


may propagate 
through higher-order 
bits. No flags are affected. 
A value between 0 and 3 is in the accumulator. 
The following instructions 
will 
translate the value in the accumulator 
to one of four values defined by the DB 
(define byte) directive. 


REL-.PC: 
INC 
MOVC 
RET 
DB 
66H 
DB 
77H 
DB 
88H 
DB 
99H 
If the subroutine is called with the accumulator 
equal to 01H, it will return with 
77H in the accumulator. 
The INC A before the MOVC instruction is needed to 
"get around" 
the RET instruction 
above the table. 
If several bytes of code 
separated the MOVC from the table, the corresponding 
number would be add- 


ed to the accumulator 
instead. 


A 
A,@A+PC 


MOVC 
A,@A + DPTR 
Bytes: 
1 
Cycles: 
2 


11 
0 
0 
110 
0 
1 
1 I 


MOVC 
(A)-«A) + (DPTR)) 


Mr.~®_"1 
~,@""-f-t'C 
Bytes: 
1 
Cycles: 
2 


11 
0 
0 
010 
0 
1 
11 


Move 
(PC)-(PC) 
+ 1 
(A)- 
«A) + (PC») 


Function: 
Description: 
Move External 
The MOVX instructions 
transfer data between the accumulator 
and a byte of 
external data memory, hence the "X" appended to MOV. There are two types of 
instructions, 
differing in whether they provide an eight-bit or sixteen-bit in- 
direct address to the external data RAM. 


In the first type, the contents of RO or Rl in the current register bank provide 
an eight-bit address multiplexed 
with data on PO. Eight bits are sufficient for 
external 
I/O expansion 
decoding 
or for a relatively 
small RAM array. For 
somewhat 
larger arrays, 
any output port pins can be used to output higher- 
order address bits. These pins would be controlled 
by an output instruction 
preceding 
the MOVX. 


In the second type of MOVX instruction, 
the data pointer generates a sixteen- 
bit address. P2 outputs the high-order eight address bits (the contents of DPH) 
while PO multiplexes the low-order eight bits (DPL) with data. The P2 Special 
Function Register retains its previous contents while the P2 output buffers are 
emitting the contents of DPH. This form is faster and more efficient when ac- 
cessing very large data arrays (up to 64K bytes), since no additional instructions 
are needed to set up the output ports. 


It is possible in some situations to mix the two MOVX types. A large RAM ar- 
ray with its high-order address lines driven by P2 can be addressed via the data 
pointer, 
or with code to output 
high-order 
address bits to P2 followed by a 
MOVX instruction 
using ROor Rl. 


An external 256 byte RAM using multiplexed address/data 
lines (e.g., an Intel® 
8155 RAM/I/O/Timer) 
is connected to the 8051 Port O.Port 3 provides control 
lines for the external RAM. Ports 1 and 2 are used for normal I/O. Registers 0 
and 1 contain 12H and 34H. Location 34H of the external RAM holds the value 
56H. The instruction 
sequence, 


MOVX 
MOVX 
A,@Rl 
@RO,A 


copies the value 56H into both the accumulator 
and external RAM location 
12H. 


MOVX 
A,@Ri 
Bytes: 
1 
Cycles: 
2 


101001 


Operation: 
MOVX 
(A)_«Ri» 


MOVX 
A,@DPTR 
Bytes: 
1 
Cycles: 
2 


1 
010 
0 
0 
0 I 


MOVX 
(A)-«DPTR» 


MOVX 
@Ri,A 
Bytes: 
1 
Cycles: 
2 


Encoding: 
11 
1 I 0 
0 
1 


Operation: 
MOVX 
«Ri»_ 
(A) 


MOVX 
@DPTR,A 
Bytes: 
1 
Cycles: 
2 


11[00001 


MOVX 
(DPTR)_(A) 


Function: 
Description: 


Bytes: 
Cycles: 


No Operation 
Execution 
continues 
at the following 
instruction. 
Other 
than 
the PC, 
no 
registers or flags are affected. 
It is desired to produce a low-going output pulse on bit 7 of port 2 lasting exact- 
ly 5 cycles. A simple SETB/CLR 
sequence would generate a one-cycle pulse, so 
four additional cycles must be inserted. This may be done (assuming no inter- 
rupts are enabled) with the instruction 
sequence, 


CLR 
P2.7 
NOP 
NOP 
NOP 
NOP 
SETB 
P2.7 


10005)]00001 


NOP 
(PC)- 
(PC)+ 1 


Function: 
Description: 


Bytes: 
Cycles: 


Multiply 
MUL AB multiplies the unsigned eight-bit integers in the accumulator 
and 
register B. The low-order 
byte of the sixteen-bit 
product 
is left in the ac- 
cumulator, 
and the high-order 
byte in B. If the product 
is greater than 255 
(OFFH) the overflow flag is set; otherwise it is cleared. The carry flag is always 
cleared. 
Originally the accumulator 
holds the value 80 (50H). Register B holds the value 
160 (OAOH). The instruction, 


MUL 
AB 


will give the product 
12,800 (32ooH), so B is changed to 32H (oollooIOB) 
and 
the accumulator 
is cleared. The overflow flag is set, carry is cleared. 
1 
4 


MUL 
(A)7-0- 
(A) X (B) 
(B)15-8 


Function: 
Description: 


ORL 
A,Rn 
Bytes: 
Cycles: 


Logical-OR for byte variables 
ORL 
performs 
the 
bitwise 
logical-OR 
operation 
between 
the 
indicated 
variables, storing the results in the destination 
byte. No flags are affected. 


The two operands allow six addressing mode combinations. 
When the destina- 
tion is the accumulator, 
the source can use register, direct, register-indirect, 
or 
immediate addressing; when the destination 
is a direct address, the source can 
be the accumulator 
or immediate data. 


Note: When this instruction is used to modify an output port, the value used as 
the original port data will be read from the output 
data latch, not the input 
pins. 
If the accumulator 
holds OC3H (1 1סס oo1 IB) and RO holds 55H (01010101B) 
then the instruction, 


ORL 
A,RO 


will leave the accumulator 
holding the value OD7H (11010111 B). 


When the destination 
is a directly addressed byte, the instruction 
can set com- 
bimltions of bits in any RAM location or hardware register. The pattern of bits 
to be set is determined 
by a mask byte, which may be either a constant 
data 
value in the instruction or a variable computed in the accumulator 
at run-time. 


The instruction, 


o 011 
r 
r 
r I 


ORL 
(A)_(A) 
v (Rn) 


inter 


ORl 
A,direct 
Bytes: 
2 
Cycles: 
1 


Encoding: 


10 
1 
0 
010 
1 
0 
1I 
Idirect add~ess I 


Operation: 
ORL 
(A)_ 
(A)v (direct) 


ORl 
A,@Ri 
Bytes: 
Cycles: 


Encoding: 


10 
1 
0 
010 
1 
1 
i I 


Operation: 
ORL 
(A)_(A) 
v «Ri)) 


ORl 
A,#data 
Bytes: 
2 
Cycles: 
1 


Encoding: 


10 
1 
0 
010 
1 
0 
01 
I immediate data I 


Operation: 
ORL 
(A)_ 
(A)v #data 


ORl 
direct,A 
Bytes: 
2 
Cycles: 
1 


Encoding: 
10 
1 
0 o 10 0 
1 
01 
1direct address I 


Operation: 
ORL 
(direct)_(direct) 
v (A) 


ORl 
direct,#data 
Bytes: 
3 
Cycles: 
2 


I 0 
1 
0 
0 10 
0 
1 
1 I 
I direct addr.! 
I immediate data I 


ORL 
(direct)-(direct) 
V 
#data 


Function: 
Description 
Logical-OR for bit variables 
Set the carry flag if the Boolean value is a logical I; leave the carry in its current 
state otherwise. A slash (u/") preceding the operand in the assembly language 
indicates that the logical complement of the addressed bit is used as the source 
value, but the source bit itself is not affected. 
No other flags are affected. 
Set the carry flag if and only if P1.0 = I, ACC.7 = I, or OV = 0: 


MOV 
C,PI.O 
ORL 
C,ACC.7 
ORL 
C,/OV 


;LOAD CARRY WITH INPUT PIN PlO 
;OR CARRY WITH THE ACe. 
BIT 7 
:OR CARRY WITH THE INVERSE OF OV 


ORL 
C,bit 
Bytes: 
2 
Cycles: 
2 


Encoding: 


10 
1 I 0 
0 
1 
01 
I bit address I 


Operation: 
ORL 
(C)-(C) 
v (bit) 


ORL 
C,/bit 
Bytes: 
2 
Cycles: 
2 


Encoding: 
11 
0 
1 
010 
0 
0 
01 
I bit address I 


Operation: 
ORL 
(C)- 
(C)v (bit) 


Function: 
Description: 
Pop from stack. 
The contents of the internal RAM location addressed by the stack pointer is 
read, 
and the stack pointer is decremented 
by one. The value read is then 
transferred 
to the directly addressed 
byte indicated. 
No flags are affected. 


Bytes: 
Cycles: 


The stack pointer originally contains the value 32H, and internal RAM loca- 
tions 30H through 
32H contain the values 20H, 23H, and OIH, respectively. 


The instruction 
sequence, 


POP 
DPH 
POP 
DPL 


will leave the stack pointer equal to the value 30H and the data pointer set to 
0123H. At this point the instruction, 


POP 
SP 


will leave the stack pointer set to 20H. Note that in this special case the stack 
pointer was decremented 
to 2FH before being loaded with the value popped 
(20H). 
2 
2 


o 
I I 0 
0 
0 
0 I 
I direct address I 


POP 
(direct)_«SP» 
(SP)-(SP) 
- 


Function: 
Description: 


Bytes: 
Cycles: 


Push onto stack 
The stack pointer is incremented by one. The contents of the indicated variable 
is then copied into the internal RAM location addressed by the stack pointer. 
Otherwise no flags are affected. 
' 


On entering 
an interrupt 
routine 
the stack pointer 
contains 
09H. The data 
pointer holds the value 0123H. The instruction 
sequence, 


PUSH 
DPL 
PUSH 
DPH 


will leave the stack pointer set to OBH and store 23H and OIH in internal RAM 
locations OAH and OBH, respectively. 
2 
2 


II 
1 
0 
0 I 0 
0 
0 
0 I I direct address I 


PUSH 
(SP)_(SP) 
+ 
«SP»_ 
(direct) 


Function: . 


Description: 


Bytes: 
Cycles: 


Return from subroutine 
RET pops the high- and low-order bytes of the PC successively from the stack, 
decrementing 
the stack pointer 
by two. Program 
execution continues 
at the 


resulting address; generally the instruction 
immediately 
following an ACALL 


or LCALL. No flags are affected. 
The stack pointer originally contains the value OBH. Internal RAM locations 
OAH and OBH contain the values 23H and OIH, respectively. The instruction, 


RET 


will leave the stack pointer equal to the value 09H. Program execution will con- 
tinue at location 0123H. 
1 
2 


RET 
(PC 15-8)- 
«SP» 
(SP)_(SP) 
- 
1 
(PC7-0)-«SP» 
(SP)_(SP) 
- 
1 


Function: 
Description: 
Return from interrupt 
RETI pops the high- and low-order bytes of the PC successively from the stack, 
and restores the interrupt 
logic to accept additional 
interrupts 
at the same 


priority level as the one just processed. The stack pointer is left decremented by 
two. No other registers are affected; the PSW is not automatically 
restored to 


its pre-interrupt 
status. Program execution continues at the resulting address, 


which is generally the instruction immediately after the point at which the inter- 
rupt request was detected. If a lower- or same-level interrupt had been pending 
when the RETI'instruction 
is executed, that one instruction 
will be executed 


before the pending interrupt is processed. 


Bytes: 
Cycles: 


The stack pointer originally contains the value OBH. An interrupt was detected 
during the instruction ending at location 0122H. Internal RAM locations OAH 
and OBH contain the values 23H and OlH, respectively. The instruction, 


RETI 


will leave the stack pointer equal to 09H and return program execution to loca- 
tion 0123H. 
1 
2 


10 
0 


RETI 
(PC15-S)..- 
«SP» 
(SP)__ (SP) - 
1 


(PC7-0)..-«SP» 
(SP)..- 
(SP) - 
1 


Function: 
Description: 


Bytes: 
Cycles: 


Rotate accumulator 
Left 
The eight bits in the accumulator 
are rotated one bit to the left. Bit 7 is rotated 
into the bit 0 position. No flags are affected. 
The accumulator 
holds the value OC5H (11000101B). The instruction, 


RL 
A 


leaves the accumulator 
holding the value 8BH (10001011B) with the carry unaf- 
fected. 


1 
1 


10010100111 


RL 
(An + 1)- 
(An) 
(AO)-(A7) 


Function: 
Description: 


Bytes: 
Cycles: 


Rotate accumulator 
Left through the Carry flag 
The eight bits in the accumulator 
and the carry flag are together rotated one bit 
to the left. Bit 7 moves into the carry flag; the original state of the carry flag 
moves into the bit 0 position. No other flags are affected. 
The accumulator 
holds the value OC5H (11000lOlB), and the carry is zero. The 
instruction, 


leaves the accumulator 
holding the value 8BH (1000lOlOB) with the carry set. 


1 


1 


10 
0 


RLC 
(An+ 1)-(An) 
(AO)-(C) 
(C)--(A7) 


Function: 
Description: 


Bytes: 
Cycles: 


Rotate accumulator 
Right 
The eight bits in the accumulator 
are rotated one bit to the right. Bit 0 is rotated 
into the bit 7 position. 
No flags are affected. 
The accumulator 
holds the value OC5H (11000101B). The instruction, 


RR 
A 


leaves the accumulator 
holding the value OE2H (lll000lOB) 
with the carry 


unaffected. 
1 
1 


1000 
oJo 
01 
11 


RR 
(An)_(An+O 
(A7)_(AO) 


Function: 
Description: 


Bytes: 
Cycles: 


Rotate accumulator 
Right through Carry flag 
The eight bits in the accumulator 
and the carry flag are together rotated one bit 


to the right. Bit 0 moves into the carry flag; the original value of the carry flag 
moves into the bit 7 position. No other flags are affected. 
The accumulator 
holds the value OC5H (11000101B), the carry is zero. The in- 
struction, 


leaves the accumulator 
holding the value 62 (011000 lOB) with the carry set. 


1 
1 


10 
0 
0 
110 
0 
1 II' 


RRC 
(An)_ 
(An + }) 
(A7)_(C) 
(C)_(AO) 


Function: 
Description: 


SETB 
C 
Bytes: 
Cycles: 


SETB 
bit 
Bytes: 
Cycles: 


Set Bit 
SETB sets the indicated bit to one. SETB can operate on the carry flag or any 
directly addressable 
bit. No other flags are affected. 
The carry flag is cleared. Output port 1 has been written with the value 34H 
(00110100B). The instructions, 


SETB 
C 
SETB 
Pl.O 


will leave the carry flag set to 1 and change the data output on port 1 to 35H 
(OOllOI01B). 


0110011) 


SETB 
(C)-1 


2 
1 


11 
1 
0 
I I 0 
0 
1 
0 I 
I bit address I 


SETB 
(bit)--1 


Function: 
Description: 
Short Jump 
Program control branches unconditionally 
to the address indicated. The branch 
destination 
is computed 
by adding the signed displacement 
in the second in- 
struction byte to the PC, after incrementing the PC twice. Therefore, the range 
of destinations allowed is from 128 bytes preceding this instruction to 127 bytes 
following it. 


Bytes: 
Cycles: 


The label "RELADR" is assigned to an instruction at program memory location 
0123H. The instruction, 


will assemble into location OIOOH.After the instruction is executed, the PC will 
contain the value 0123H. 


(Note: Under the above conditions the instruction 
following SJMP will be at 
102H. Therefore, 
the displacement 
byte of the instruction 
will be the relative 
offset (OI23H-0102H) 
= 21H. Put another way, an SJMP with a displacement 
of OFEH would be a one-instruction 
infinite loop.) 
2 
2 
II 
0 
0 
0 I 0 
0 
0 
0 I I reI. address I 


SJMP 
(PC)- 
(PC) + 2 
(PC) - 
(PC) + rei 


Function: 
Description: 


SUBB 
A,Rn 
Bytes: 
Cycles: 


Subtract with borrow 
SUBB subtracts the indicated variable and the carry flag together from the ac- 
cumulator, 
leaving the result in the accumulator. 
SUBB sets the carry (borrow) 


flag if a borrow is needed for bit 7, and clears C otherwise. (If C was set before 
executing a SUBB instruction, 
this indicates that a borrow was needed for the 
previous step in a multiple precision subtraction, 
so the carry is subtracted from 


the accumulator 
along with the source operand.) AC is set if a borrow is needed 
for bit 3, and cleared otherwise. 
OV is set if a borrow is needed into bit 6, but 


not into bit 7, or into bit 7, but not bit 6. 


When subtracting 
signed integers OV indicates a negative number produced 
when a negative value is subtracted 
from a positive value, or a positive result 


when a positive number is subtracted 
from a negative number. 


The source operand 
allows four addressing 
modes: register, 
direct, register- 
indirect, or immediate. 
The accumulator 
holds OC9H (ll00l00lB), 
register 2 holds 54H (01010100B), 


and the carry flag is set. The instruction, 


will leave the value 74H (OII1OIOOB)in the accumulator, 
with the carry flag and 


AC cleared but OV set. 


Notice that OC9H minus 54H is 75H. The difference between this and the above 
result is due to the carry (borrow) flag being set before the operation. 
If the 


state of the carry is not known before starting a single or multiple-precision 
sub- 


traction, 
it should be explicitly cleared by a CLR C instruction. 


r 
r 
r I 


SUBB 
(A)_ 
(A) - 
(C) - 
(Rn) 


SUBB 
A,direct 
Bytes: 
2 
Cycles: 
I 


SUBB 
A,@Ri 
Bytes: 
Cycles: 


II 
0 
0 
1 I 0 
I 
0 
I I 
I direct acldreSSJ 


SUBB 
(A)- 
(A) - 
(C) - 
(direct) 


1100 
110 
I 
I 
i 
I 


Operation: 
SUBB 
(A)_ 
(A) - 
(C) - 
«Ri» 
SUBB 
A,#data 
Bytes: 
2 
Cycles: 
I 


II 
0 
0 
I I 0 
I 
0 
0 I 
I immediate data I 


SUBB 
(A) _ 
(A) - 
(C) - 
#data 


Function: 
Description: 


Bytes: 
Cycles: 


Swap nibbles within the Accumulator 
SWAP A interchanges 
the low- and high-order nibbles (four-bit fields) of the 
accumulator 
(bits 3-0 and bits 7-4). The operation can also be thought of as a 
four-bit rotate instruction. 
No flags are affected. 


The accumulator 
holds the value OC5H 01000101 B). The instruction, 


SWAP 
A 


leaves the accumulator 
holding the value 5CH (0101I 100B). 
I 
I 


1110010 
I 
001 


SWAP 
(A3-0)~(A7-4), 
(A7-4)_ 
(A3-0) 


Function: 
Description: 


XCH 
A,Rn 
Bytes: 
Cycles: 


Exchange Accumulator 
with byte variable 
XCH loads the accumulator 
with the contents of the indicated variable, at the 
same time writing the original accumulator 
contents to the indicated variable. 


The source/destination 
operand can use register, direct, or register-indirect 
ad- 
dressing. 
RO contains 
the 
address 
20H. 
The 
accumulator 
holds 
the 
value 
3FH 
(00111111B). Internal 
RAM location 20H holds the value 75H (01110101B). 
The instruction, 


XCH 
A,@RO 


will leave RAM location 20H holding the values 3FH (00111111B) and 75H 
(01110101B) in the accumulator. 


0011 
r 
r 
rl 


XCH 
(A)~(Rn) 


XCH 
A,direct 
Bytes: 
2 
Cycles: 
1 


11 
1 
0 
0 I 0 
1 
0 
11 
I direct address I 


XCH 
A,@Ri 
Bytes: 
Cycles: 


XCH 
(A)~(direct) 


00101 
1 
ij 


XCH 
(A)~«Ri» 


Function: 
Description: 


Bytes: 
Cycles: 


Exchange Digit 
XCHD exchanges the low-order nibble of the accumulator 
(bits 3-0), generally 
representing a hexadecimal or BCD digit), with that of the internal RAM loca- 
tion indirectly addressed by the specified register. The high-order nibbles (bits 
7-4) of each register are not affected. 
No flags are affected. 
RO contains 
the 
address 
20H. 
The 
accumulator 
holds 
the 
value 
36H 
(00110110B). Internal 
RAM location 20H holds the value 75H (01110101B). 


The instruction, 


will leave RAM location 
20H holding the value 76H (011101 lOB) and 35H 
(00110101B) in the accumulator. 
1 
1 


11 
101101 


XCHD 
(A3-0)~«Ri3-o)) 


Function: 
Description: 


XRL 
A,Rn 
Bytes: 
Cycles: 


XRL 
A,direct 
Bytes: 
2 
Cycles: 
1 


Logical Exclusive-OR for byte variables 
XRL performs 
the bitwise logical Exclusive-OR 
operation 
between 
the in- 
dicated variables, storing the results in the destination. 
No flags are affected. 


The two operands allow six addressing mode combinations. 
When the destina- 
tion is the accumulator, 
the source can use register, direct, register-indirect, 
or 


immediate addressing; when the destination 
is a direct address, the source can 
be the accumulator 
or immediate data. 


(Note: When this instruction is used to-modify an output port, the value used as 
the original port data will be read from the output data latch, not the input 
pins.) 
If the accumulator 
holds OC3H (11000011B) and register 
0 holds OAAH 
(1OIOIOIOB)then the instruction, 


XRL 
A,RO 


will leave the accumulator 
holding the value 69H (01101001B). 


When the destination 
is a directly addressed byte, this instruction 
can comple- 
ment combinations 
of bits in any RAM location or hardware register. The pat- 


tern of bits to be complemented is then determined by a mask byte, either a con- 
stant contained in the instruction or a variable computed in the accumulator 
at 


run-time. The instruction, 


XRL 
Pl,#00110001B 


will complement bits 5, 4, and 0 of output port 1. 


1 
0 I 
r 
r 
r I 


XRL 
(A)_ 
(A) v 
(Rn) 


o 10 
o 
1 I 
I direct address I 


XRL 
(A)-(A) 
v 
(direct)' 


XRL 
A,@Ri 
Bytes: 
Cycles: 


XRL 
A,#data 
Bytes: 
Cycles: 


XRL 
direct,A 
Bytes: 
2 
Cycles: 
1 


I0 1 1=:iJ0 IIi 
I 


XRL 
(A)-(A) 
'I «Ri» 


I 0 
1 
1 
0 I 0 
1 
0 
0 I 
I immediate da~ 


XRL 
(A)_(A) 
'I 
#data 


I 0 
1 
1 
0 I 0 
0 
1 
0 I I direct address I 


Operation: 
XRL 
(direct)_ 
(direct) 'I 
(A) 
XRL 
direct,#data 
Bytes: 
3 
Cycles: 
2 


I 0 
1 
1 
0 I 0 
0 
1 
1 I 
I direct address I 
I immediate data I 


XRL 
(direct)_ 
(direct) 'I #data 


inter 


MCS®-51 
8-BIT CONTROL-ORIENTED 
MICROCOMPUTERS 


8031/8051 
8031AH/8051AH 
8032AH/8052AH 
8751H/8751H-1218751H-88 


• High Performance HMOS Process 
• Internal Timers/Event 
Counters 
• 2·Level Interrupt Priority Structure 
• 32 I/O Lines (Four 8-Blt Ports) 
• 64K Program Memory Space 


• Boolean Processor 
• Bit-Addressable 
RAM 
• Programmable Full DupleX Serial Channel 
• 111 Instructions 
(64 Single-Cycle) 
• 64K Data Memory Space 


The MCS""-51 
products 
are optimized 
for control 
applications. 
Byte-processing 
and numerical 
operations 
on 
small data structures 
are facilitated 
by a variety of fast addressing 
modes for accessing 
the internal 
RAM. The 


instruction 
set provides 
a convenient 
menu 
of 8-bit arithmetic 
instructions, 
including 
multiply 
and divide 
in 
structions. 
Extensive 
on-chip 
support 
is provided 
for one-bit variables 
as a separate 
data type, allowing 
direct 
bit manipulation 
and testing 
in control 
and logic systems 
that require 
Boolean 
processing. 


Internal 
Memory 


Timers/ 


Device 
Program 
Data 
Event 
Counters 
Interrupts 


8052AH 
8K x 8 ROM 
256 
x 8 RAM 
3 x 
16-Bit 
6 


8051AH 
4K x 8 ROM 
128 x 8 RAM 
2 x 
16-Bit 
5 


8051 
4K x 8 ROM 
128 x 8 RAM 
2 x 
16-Bit 
5 


8032AH 
none 
256 
x 8 RAM 
3 x 
16-Bit 
6 


8031AH 
none 
128 x 8 RAM 
2 x 
16-Bit 
5 


8031 
none 
128 x 8 RAM 
2 x 
16-Bit 
5 


8751H 
4K x 8 EPROM 
128 x 8 RAM 
2 x 
16-Bit 
5 
8751H-12 
4K x 8 EPROM 
128 x 8 RAM 
2 x 
16-Bit 
5 


8751H·88 
4K x 8 EPROM 
128 x 8 RAM 
2 x 
16-Bit 
5 


The 8751H 
is an EPROM 
version 
of the 8051AH; 
that is, the on-chip 
Program 
Memory 
can be electrically 
programmed, 
and can be erased 
by exposure 
to ultraviolet 
light. It is fully compatible 
with its predecessor, 
the 
8751-8, 
but incorporates 
two new features: 
a Program 
Memory 
Security 
bit that can be used to protect 
the 
EPROM 
against 
unauthorized 
read-out, 
and a programmable 
baud rate modification 
bit (SMOD). 
SMOD 
is not 
present 
in the 8751H-12 
or the 8751H-88. 
The 8751H-88 
also only operates 
up to 8 MHz. 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751 H/8751 H-12/8751 
H-88 
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PIN DESCRIPTIONS 


VCC 
Port 0 also receives 
the code bytes during program- 


ming of the EPROM parts, and outputs the code bytes 
during program 
verification 
of the ROM and EPROM 
parts. 
External 
pullups 
are required 
during 
program 
verification. 


Port 1 is an a-bit bidirectional 
I/O port with internal 
pullups. 
The Port 1 output 
buffers 
can sink/source 
4 
LS TTL 
inputs. 
Port 
1 pins that 
have 
1s written 
to 
them are pulled high by the internal 
pullups, 
and in 
that state can be used as inputs. 
As inputs, 
Port 
1 
pins that are externally 
being pulled 
low will source 
current (ilL, on the data sheet) because of the internal 
pullups. 


Port 0 is an a-bit open drain bidirectional 
I/O port. As 
an output 
port each 
pin can sink a LS TTL 
inputs. 
Port 0 pins that have 1s written to them float, and in 
that state can be used as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups 
when 
emitting 
1s, and can source 
and 
sink a LS TTL inputs. 


Port 1 also receives the low-order 
address 
bytes dur- 
ing programming 
of the 
EPROM 
parts 
and 
during 
program 
verification 
of the ROM and EPROM 
parts. 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751 H/8751 H-12/8751 H-88 


[-{-T-2-;-~-:-: 
:0- 


1 


--805218032 
ONLY 


Pl.2 
Pl.3 
P1.4 
P1.5 
Pl.6 
P1.7 
RST 
RXD P3.O 
TXD P3.1 
INTOP3.2 
INTl P3.3 
TOP3.4 
Tl P3.5 
WR P3.6 
RD P3.7 
XTAL2 
XTALl 


VSS 


vcc 
PO.OADO 
Po.l ADl 
PO.2 AD2 
PO.3 AD3 
PO.4 AD4 
PO.5 AD5 
PO.6 AD6 
PO.7 AD7 
EAlVpp 
ALEIPROG 
PSEN 
P2.7 A15 
P2.6A14 
P2.5 A13 
P2.4 A12 
P2.3 All 
P2.2 Alo 
P2.1 A9 
P2.O A8 


INDEX 
CORNER~ 
~c")N 
•.• 
O 
UO..-NM 
[~iio:o:~~~~gg 


In the 8032AH and 8052AH, Port 1 pins P1.0 and 
P1.1 also serve the T2 and T2EX functions, respec- 
tively. 


P1.5 
7; 


P1.6 
8 


P1.7 
," 


RST 
10 


P3.0 
11 


He 
12, 


P3.1 
13 
J 


P3.2 
lot, 


P3.3 
15 


P3.4 
16 


P3.S 
17 


~ 39 
PO.4 


'JO 
PO.5 


31 
PO.6 


36 
PO.7 


35 
EA 


34 
Ne 


~.33 
ALE 


,32 
PSEN 


:)1 
P2.7 


JO 
P2.6 


29 
P2.5 


Port 2 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 2 output buffers can sink/source 4 
LS TTL inputs. Port 2 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (ilL, on the data sheet) because of the internal 
pullups. 


CD ••..• N 
••.• 
(J)(JO 
•.•• NMV 
~~~~~z~~~~~ 
>< 
>< 


Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1s. During 
accesses to external Data Memory that use 8-bit ad- 
dresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 


Port 2 also receives the high-order address bits dur- 
ing programming of the EPROM parts and during 
program verification of the ROM and EPROM parts. 


Port 3 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 3 output buffers can sink/source 4 
LS TTL inputs. Port 3 pins that have 1s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (ilL, on the data sheet) because of the pullups. 


Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 


Port Pin 
Alternative Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO(external interrupt 0) 


P3.3 
INT1 (external interrupt 1) 
P3.4 
TO (Timer 0 external input) 
P3.5 
I.!.-(Timer 1 external input) 


P3.6 
WR (external data memory write 
_ 
strobe) 
P3.7 
RD (external data memory read 


'strobe) 


Reset input. A high on this pin for two machine cycles 
while the oscillator 
is running 
resets the device. 


Address 
Latch 
Enable 
output 
pulse for latching 
the 
low byte of the address 
during accesses 
to external 
memory. 
ALE can drive 8 LS TTL inputs. This pin is 
also 
the 
program 
pulse 
input 
(PROG) 
during 
pro- 
gramming 
of the EPROM 
parts. 


In normal operation 
ALE is emitted at a constant 
rate 
of '/6 the oscillator 
frequency, 
and may be used for 
external timing or clocking 
purposes. 
Note, however, 
that one ALE pulse is skipped 
during each access to 
external 
Data Memory. 


Program 
Store Enable is the read strobe to external 
Program 
Memory. 
PSEN can drive 8 LS TTL inputs. 


When the device is executing 
code from external Pro- 
gram Memory, 
PSEN is activated twice each machine 
cycle, except that two PSEN activations 
are skipped 
during each access 
to external 
Data Memory. 


External 
Access 
enable 
EA must be externally 
held 
low in order to enable 
any MCS-51 
device 
to fetch 
code from external 
Program 
Memory 
locations 
0 to 
OFFFH (0 to 1FFFH, 
in the 8032AH 
and 8052AH). 


C1. C2 ; 
30 pF :t 10 pF FOR 
CRYSTALS 


; 
40 pF :t 10 pF FOR CERAMIC 
RESONATORS 


Note, however, 
that if the Security 
Bit in the EPROM 
devices is programmed, 
the device will not fetch code 
from any location 
in external 
Program 
Memory. 


This pin also receives 
the 21 V programming 
supply 
voltage 
(VPP) 
during 
programming 
of the 
EPROM 
parts. 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, 
of an inverting 
amplifier 
which 
can be confi- 


gured 
for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 
the 
use 
of the 
on-chip 
oscillator 
is available 
in 
Application 
Note 
AP-155, 
"Oscillators 
for Micro- 
controllers." 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while 
XTAL2 
is driven, 


as shown in Figure 4. There are no requirements 
on 
the duty cycle of the external 
clock signal, 
since the 
input 
to the 
internal 
clocking 
circuitry 
is through 
a 
divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times specified 
on the Data Sheet must 


be observed. 


EXTERNAL 


OSCILLATOR ----4 
XTAL2 


SIGNAL 


"/VUI/l;c: 
;:,rresses 
Boove 
lnOl>e IIl>leO Uf/Del 
,..,,,l- 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of the device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under 
Bias ... 
0 °C to 70°C 


Storage 
Temperature 
. . . .. 
- 65°C 
to + 150°C 


Voltage 
on EAlVPP 
Pin to VSS 
. - 0.5V to + 21.5V 


Voltage 
on Any Other Pin to VSS. 
- 0.5V to + 7V 


Power Dissipation 
. . . . . . . . . . . . . . . . 
1.5W 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except 
EA Pin of 
-0.5 
0.8 
V 
8751H, 
8751H-12 
& 8751H-88) 


VIL1 
Input Low Voltage 
to EA Pin of 
0 
0.7 
V 
8751H, 
8751H-12 
& 8751H-88 


VIH 
Input High Voltage 
(Except 
XTAL2, 
2.0 
VCC+0.5 
V 
RST) 


VIH1 
Input High Voltage 
to XTAL2, 
RST 
2.5 
VCC+0.5 
V 
XTAL1 = VSS 


VOL 
Output 
Low Voltage 
(Ports 
1, 2, 3)* 
0.45 
V 
IOL = 1.6 mA 


Output 
Low Voltage 
(Port 0, ALE, 
VOL1 
PSEN)* 


8751H,8751H-12 
0.60 
V 
IOL = 3.2 mA 
& 8751H-88 
0.45 
V 
IOL = 2.4 mA 


All Others 
0.45 
V 
IOL = 3.2 mA 


VOH 
Output 
High Voltage 
(Ports 
1, 2, 3) 
2.4 
V 
IOH = -80 
pA 


VOH1 
Output 
High Voltage 
(Port 0 ~ 
2.4 
V 
IOH = -400 
pA 
External 
Bus Mode, ALE, PSEN) 


ilL 
Logical 
0 Input Current 
(Ports 
1, 2, 3 RST) 
8032AH, 
8052AH 
-800 
pA 
Vin = 0.45 V 
All Others 
-500 
pA 
Vin = 0.45 V 


ilL 1 
Logical 0 Input Current 
to EA Pin of 
-15 
mA 
8751H, 
8751H-12 
& 8751H-88 
Only 


1IL2 
Logical 
0 Input Current 
(XTAL2) 
-3.2 
mA 
Vin = 0.45 V 


III 
Input Leakage 
Current 
(Port 0) 
8751H, 
8751H-12 
& 8751H-88 
±100 
pA 
0.45 < Vin < VCC 
All Others 
±10 
pA 
0.45 < Vin < VCC 


IIH 
Logical 
1 Input Current 
to EA Pin of 
500 
pA 
8751H, 
8751H-12 
& 8751H-88 


IIH1 
Input Current 
to RST to Activate 
Reset 
500 
pA 
Vin < (VCC - 1.5V) 


ICC 
Power Supply 
Current: 
8031/8051 
160 
mA 
All Outputs 
Discon- 
8031 AH/8051 AH 
125 
mA 
nected; 
EA = VCC 
8032AH/8052AH 
175 
mA 
8751 H/8751 H-12/8751 H-88 
250 
mA 


CIO 
Pin Capacitance 
10 
pF 
test freq = 1MHz 


*Note: Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and 
Ports 1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when lhese pins make 
1-10-0 transitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line 
may exceed O.BV.In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a 
Schmitt Trigger STROBE input. 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12/8751H-88 


A.C. CHARACTERISTICS: 
* (TA = 0 ·C to + 70 ·C, VCC = 5V ± 10%, VSS = OV, 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, 


Load Capacitance 
for All Other Outputs 
= 80 pF) 


12MHz Osc 
Variable 
Oscillator 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


1fTCLCL 
Oscillator 
Frequency 
3.5 
12. 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
ns 
8751 H, 8751 H-12 
183 
4TCLCL-150 
All Others 
233 
4TCLCL-100 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8751H,8751H-12 
190 
3TCLCL-60 
ns 
All Others 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
8751H,8751H-12 
100 
3TCLCL-150 
ns 
All Others 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
8751H,8751H-12 
267 
5TCLCL-150 
ns 
All Others 
302 
5TCLCL·115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
8751H,8751H-12 
13 
TCLCL-70 
ns 
All Others 
23 
TCLCL-60 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHQX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 
875~H, 
8751H-12 
33 
133 
TCLCL-50 
TCLCL+50 
ns 
All Others 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


* This table does not include 
the 8751-88 
AC characteristics 
(see next page). 


9·6 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751 H/8751 H-12/8751 
H-88 


A.C. CHARACTERISTICS: 
(TA = 0 °C to + 70°C, 
VCC = 5V ± 10%, VSS = OV, 
Load Capacitance 
for Port 0, ALE, and PSEN 
= 100 pF, 
Load Capacitance 
for All Other Outputs 
= 80 pF) 


BMHz Osc 
Variable 
Oscillator 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


1fTCLCL 
Oscillator 
Frequency 
3.5 
8.0 
MHz 


TLHLL 
ALE Pulse Width 
210 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
85 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
90 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
350 
4TCLCL-150 
ns 


TLLPL 
ALE Low to PSEN Low 
100 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
315 
3TCLCL-60 
ns 


TPLIV 
PSEN Low to Valid Instr In 
225 
3TCLCL-150 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
105 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
117 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
475 
5TCLCL-150 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
650 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
650 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
460 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
180 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
850 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
960 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
325 
425 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
370 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
55 
TCLCL-70 
ns 


TQVWH 
Data Valid to WR High 
725 
7TCLCL-150 
ns 


TWHQX 
Data Held After WR 
75 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 
75 
175 
TCLCL-50 
TCLCL+50 
ns 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751 H/8751 H-12/8751 H-88 


!-TLLPL 
!-TPLPH 


TLLlV 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12/8751H-88 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12/8751H-88 


TOVWX 


TOVWH 


~t:HIAL t'UH I 
IIMINu - 
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Test Conditions: 
TA = 0 °C to 70°C; 
VCC = 5V ± 10%; VSS 
= OV; Load Capacitance 
= 80 pF 


12MHz 
Osc 
Variable 
Oscillator 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


TXLXL 
Serial 
Port Clock Cycle Time 
1.0 
12TCLCL 
JLS 


TQVXH 
Output 
Data Setup to Clock Rising 
700 
10TCLCL-133 
ns 
Edge 


TXHQX 
Output 
Data Hold After Clock 
50 
2TCLCL-117 
ns 
Rising Edge 


TXHDX 
Input Data Hold After Clock Rising 
0 
0 
ns 
Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
10TCLCL-133 
ns 
Valid 


~TOVll"..J 
~nHQ" 
I 


--~\~-=--=-==X __ 
X__ ~X__ ~X~_~X __ ~X 


,,"o,l~ j~,,"o. 


x 
/ 


t 


SUlt 
'-+ 
WAITE TO SIlUf 


'-+ 


CLEAR 
AI 


Symbol 
Parameter 
Min 
Max 
Units 


1ITClCl 
Oscillator Frequency (except 8751H-88) 
3.5 
12 
MHz 


8751H-88 
3.5 
8 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


2.,=x 
x= 


2.0 
2.0 
. > TEST POINTS < 


0.8 
0.8 
0." 
-------- 


AC 
TESTING 
INPUTS ARE DRIVEN AT 24 V FOR A LOGIC 
1 AND 045 V FOR 
A lOGIC' 
0" 
TIMING 
MEASUREMENTS 
ARE MADE AT 20V 
FOR A LOGIC 
1 
AND 0 BV FOR A lOGIC 
0 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12/8751H-88 


Mode 
RST 
PSEN 
ALE 
EA 
P2.7 
P2.6 
P2.5 
P2.4 


Program 
1 
0 
O' 
VPP 
1 
0 
X 
X 


Inhibit 
1 
0 
1 
X 
1 
0 
X 
X 


Verify 
1 
0 
1 
1 
0 
0 
X 
X 


Security 
Set 
1 
0 
O' 
VPP 
1 
1 
X 
X 


Note: "1" = logic high for that pin 


"0" = logic low for that pin 
"X" = "don't care" 
"VPP" = +21V ±0.5V 


To be programmed, 
the part must be running 
with a 


4 to 6 MHz oscillator. 
(The reason the oscillator 
needs 


to be running is that the internal 
bus is being used to 


transfer 
address 
and program 
data to appropriate 
in- 
ternal registers.) 
The address 
of an EPROM location 


to be programmed 
is applied 
to 
Port 
1 and 
pins 
P2.0-P2.3 
of Port 2, while the code byte to be pro- 
grammed 
into that location 
is~d 
to Port O. The 


other 
Port 2 pins, and RST, PSEN, 
and EA should 


be held at the "Program" 
levels indicated 
in Table 3. 


ALE is pulsed 
low for 50 msec to program 
the code 


byte into the addressed 
EPROM 
location. 
The setup 


is shown 
in Figure 5. 


Normally 
EA is held at a !Qgic high until just before 
ALE is to be pulsed. Then EA is raised to + 21 V, ALE 
is pulsed, 
and then 
EA is returned 
to a logic high. 
Waveforms 
and 
detailed 
timing 
specifications 
are 


shown 
in later sections 
of this data sheet. 


Note that the ENVPP 
pin must not be allowed 
to go 
above the maximum 
specified 
VPP level of 21.5V for 


any amount of time. Even a narrow glitch above that 
voltage 
level can cause 
permanent 
damage 
to the 
device. The VPP source should be well regulated 
and 
free of glitches. 


Program Verification 


If the Security 
Bit has not been programmed, 
the on- 


chip Program Memory 
can be read out for verification 


purposes, 
if desired, 
either 
during 
or after the pro- 


gramming 
operation. 
The 
address 
of the 
Program 
Memory 
location 
to be read is applied 
to Port 1 and 
pins P2.0-P2.3. 
The other pins should be held at the 


"Verify" 
levels indicated 
in Table 3. The contents 
of 


the addressed 
location 
will come out on Port O. Ex- 


ternal pullups are required on Port 0 for this operation. 


The setup, which 
is shown 
in Figure 
6, is the same 
as for programming 
the EPROM except that pin P2.7 


is held at a logic low, or may be used as an active- 
low read strobe. 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12/8751H-88 


EPROM Security 


The security 
feature consists 
of a "locking" 
bit which 
when 
programmed 
denies 
electrical 
access 
by any 
external means to the on-chip 
Program 
Memory. The 
bit is programmed 
as shown 
in Figure 
7. The setup 
and procedure 
are the same as for normal 
EPROM 
programming, 
except that P2.6 is held at a logic high. 


Port 0, Port 
1, and pins 
P2.0-P2.3 
may be in any 
state. The other pins should be held at the "Security" 
levels indicated 
in Table 3. 


+Sv 


X = "DON'T 
CARE" 


VCC 


P2.0- 


P2.3 
8751H 


P2.5 


P2.6 


P2.7 
EA.'VPP 


XrAL2 


RST 
VIHl 


vss 


Once the Security 
Bit has been programmed, 
it can 
be cleared 
only by full erasure 
of the Program 
Mem- 
ory. 
While 
it is programmed, 
the 
internal 
Program 
Memory 
can not be read out, the device 
can not be 
further 
programmed, 
and it can not execute 
out of 
external 
program 
memory. 
Erasing 
the 
EPROM, 


thus clearing 
the Security 
Bit, restores 
the device's 
full functionality. 
It can then be reprogrammed. 


Erasure 
Characteristics 


Erasure of the EPROM begins to occur when the chip 
is exposed 
to light with wavelengths 
shorter than ap- 
proximately 
4,000 
Angstroms. 
Since 
sunlight 
and 
flourescent 
lighting 
have wavelengths 
in this range, 


exposure 
to these 
light sources 
over 
an extended 
time (about 
1 week 
in sunlight, 
or 3 years 
in room- 
level 
flourescent 
lighting) 
could 
cause 
inadvertent 
erasure. 
If an application 
subjects 
the device 
to this 
type of exposure, 
it is suggested 
that an opaque label 
be placed over the window. 


The recommended 
erasure 
procedure 
is exposure 
to 
ultraviolet 
light (at 2537 Angstroms) 
to an integrated 
dose of at least 15 W-sec/cm2. 
Exposing the EPROM 
to an ultraviolet 
lamp of 12,000 /J.W/cm2 rating for 20 
to 30 minutes, 
at a distance 
of about 
1 inch, should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS: 
(TA = 21°C 
to 27 °C, VCC = 5V± 10%, VSS = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


VPP 
Programming 
Supply 
Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Supply 
Current 
30 
mA 


1ITCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to VPP 
48TCLCL 


TSHGL 
VPP Setup to PROG Low 
10 
!J.Sec 


TGHSL 
VPP Hold After PROG 
10 
!J.Sec 


TGLGH 
PROG Width 
45 
55 
msec 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


8031/8051 
• 
8031AH/8051AH 
8032AH/8052AH 
• 
8751H/8751H-12/8751H-88 


P2.7 


(ENABLE) 


inoi 
I®. 
01'\1'"'''' 
A 
•• 


• 
BCD Floating 
Point Math 
• 
Generates 
All Timing 
Necessary 
to 
Program 
EPROMS 
and E2pROMS 
• 
Fast Tokenlzed 
Interpreter 
• 
"Stand Alone" 
Software 
Development 
• 
All Arithmetic 
and Utility Routines 
Can 
Be Called From Assembly 
Language 


- 
"ssembly 
Language 


• 
Built-In Accurate 
REAL TIME CLOCK 


• 
MUltiple User Programs 


• 
Programs 
May Reside 
In RAM, EPROM 
or E2pROM 


• 
Built In Radix Conversion 
- 
Hex to 
Decimal and Decimal 
to Hex 


8052AH-BASIC 
is an 8052AH 
microcontroller 
with a complete 
full-featured 
BASIC 
interpreter, 
MCS~ BASIC- 
52, resident 
in the 8K of available 
ROM. This .Software-On-Silicon 
product 
is specifically 
designed 
to address 
the needs of process control, 
measurement, 
and instrumentation 
applications. 
MCS BASIC-52 
allows 8052AH 
users to write programs 
in the popular BASIC language, 
which is much simpler to write and easier to understand 
than assembly 
language. 


In addition to the standard 
BASIC commands 
and functions, 
such as floating point arithmetic 
and transcendental 
operations, 
MCS BASIC-52 
contains 
many 
unique 
features 
that allow the user to perform 
tasks that usually 
require assembly 
language. 
Bit-wise 
logical operators, 
such as AND, OR, and EXCLUSIVE-OR 
are supported 
as well as hexadecimal 
arithmetic. 


A minimum 
amount of hardware 
is required to support 
MCS BASIC-52. 
Small systems 
can be constructed 
with 
only 
a latch, 
1K bytes 
of external 
memory, 
and the appropriate 
serial 
port drivers. 
With 
the addition 
of a 
transistor, 
a gate, and a couple 
of passive 
components, 
MCS BASIC-~2 
can program 
EPROM 
or E2pROM 
devices 
with the users application 
program. 
Both the standard 
and the inteligent 
Programming 
,. algorithms 
are supported. 


MCS BASIC-52 
is an interpreted 
language. 
This allows the user to develop 
a program 
interactively 
without the 
cumbersome 
and repetitive 
process of editing, assembling, 
loading, and running which is required by assemblers 
and compilers. 
MCS BASIC-52 
was designed 
to permit the programmer 
to develop 
resident high level language 
software 
using the high performance 
8052AH 
device. 


+ 5VOLTS----1 
JC~ 
--------., 


lEVEL 
SHIFTERS 
I 
__M'::'':E~~-J 


t 


LEVEL 


SHIFTERS 


MCS BASIC·52 
contains 
all standard 
BASIC 
commands, statements, and operators. Figure 1 list 
the software feature set of MCS BASIC-52. 


The range of numbers that can be represented in 
MCS BASIC-52 is: 


MCS BASIC-52 contains many unique features to 
perform task that usually require assembly language 
programming. The XBY and DBY operators can read 
and/or 
write 
external 
and 
internal 
memory 
respectively. The CBY operator is used to read 
program memory. Additionally, virtually all of the 
special function registers on the 8052AH can be 
accessed with MCS BASIC·52. This allows the user 
to set the timer or interrupt 
modes within 
the 
constructs of a BASIC program. An accurate interrupt 
driven REAL TIME CLOCK that has a 5 millisecond 
resolution is also implemented in MCS BASIC-52. 
This clock can be enabled, disabled, and used to 
generate interrupts. Finally, a CALL statement that 
allows the programmer to CALL assembly language 
routines is available in MCS BASIC·52. Parameters 
can be passed in a number of-different ways. 


Most Basic interpreters allow only one program to be 
resident in memory, and many require that the 
program reside in RAM. MCS BASIC-52 allows 
programs 
to reside in both RAM and EPROMI 
E2PROM. Additionally, up to 255 programs may 
reside in EPROM/E2PROM. Programs may also be 
transfered (XFER) from EPROM/E2PROM to RAM 
for editing purposes. 


A powerful feature of MCS BASIC-52 is that it 
generates all of the timing necessary to program any 
standard EPROM or E2PROM device with the users' 
program (PROG/FPROG). Additionally, very little 
external hardware is required to implement this 
feature. Saving programs in EPROM/E2PROM is 
much more attractive 
and reliable 
than other 
alternatives, such as cassette tape, especially in 
control and/or other noisy environments. 


After the user programs an EPROM or E2PROM with 
the desired BASICprogram. The PROG2 or FPROG2 
commands 
may be used to enable the unique 
AUTOSTART feature of MCS BASIC-52. 
When 
AUTOSTARTis enabled, MCS BASIC-52 will execute 
the user program 
after RESET or a power-up 
condition. This permits the user to RUN a program 
without connecting the MCS BASIC-52 device to a 
console 
- 
a powerful 
feature 
for 
control 
environments. 


Another unique feature of MCS BASIC-52 is that it 
contains a complete library of functions that can be 
accessed with assembly language. All floating point, 
radix conversion, and 1/0 routines contained in MCS 
BASIC-52 can be accessed with assembly language 
CALL instructions.These complex arithmetic routines 
can be used by the programmer in applications 
requiring the speed of assembly language, but also 
the complex arithmetics offered by BASIC. 


8052AH-BASIC 
PIN DESCRIPTION 
(FIGURE 
2) 


8052AH-BASIC is an 8052AH device, however, MCS 
BASIC-52 
assumes 
a particular 
hardware 
configuration. The following pin description outlines 
the pin functions defined by MCS BASIC-52. 


The multiplexed low-order address and data bus used 
during accesses to external memory. External pullup 
devices (- 
10K 0) are required on these pins if the 
MCS BASIC-52 EPROM/E2PROM 
programming 
feature is used. 


The high order address bus used during accesses to 
external memory. 


inter 


Commands 
Statements 
Operators 


RUN 
BAUD 
ADD(+) 
LIST 
CALL 
DIVIDE 
(I) 
L1ST# 
CLEAR 
EXPONENTIATION 
(•• ) 
NEW 
CLEARS 
MULTIPLY 
(.) 
NULL 
CLEARI 
SUBTRACT(-) 
RAM 
CLOCKO 
LOGICAL 
AND (.AND.) 
ROM 
CLOCKl 
LOGICAL 
OR (.OR.) 
XFER 
DATA 
LOGICAL 
X-OR (.XOR.) 
PROG 
READ 
LOGICAL 
NOT 
PROGl 
RESTORE 
ABS ( 
) 
PROG2 
DIM 
INT( 
) 
FPROG 
DO-WHILE 
SGN( 
) 
FPROGl 
DO-UNTIL 
SOR( 
) 
FPROG2 
END 
RND 
FOR-TO-STEP 
LOG ( 
) 
NEXT 
EXP ( 
) 
GOSUB 
SIN ( 
) 
RETURN 
COS( 
) 
GOTO 
TAN ( 
) 
ON-GOTO 
ATN ( 
) 
ON-GOSUB 
=, >, >=, 
<, <=, <> 


IF-THEN-ELSE 
ASC( 
) 
INPUT 
CHR( 
) 
LET 
CBY( 
) 
ONERR 
DBY( 
) 
ONEXTl 
XBY( 
) 
ONTIME 
GET 
PRINT 
IE 
PRINT# 
IP 
PHO. 
PORTl 
PHO.# 
PCON 
PH1. 
RCAP2 
PH1.# 
T2CON 
PUSH 
TCON 
POP 
TMOD 
PWM 
TIME 
REM 
TIMERO 
RETl 
TIMERl 
STOP 
TIMER2 
STRING 
TIME 
UIO 
XTAL 
Ull 
MTOP 
UOO 
LEN 
UOl 
FREE 
PI 


A general purpose quasi-bidirectional 8-bit inpull 
output port. The individual pins on PORT 1 all have 
alternate 
functions 
which 
may pr may not be 
implemented by the user. The alternate functions are 
as follows: 


Can be used as the trigger inputto TIMER/COUNTER 
2. A one (1) must be written to this port pin output 
latch in order for this function to operate. Details of 


T2/ 
Pl.0 


T2EX i Pl.l 


PWM 
OUTPUT 
/ Pl.2 


ALE 
DISABLE 
/ Pl.3 


PROGRAM 
PULSE 
/ Pl.4 


PROGRAM 
ENABLE 
/ Pl.5 


DMA 
ACKNOWLEOGE 
/ Pl.6 


LINE 
PRINTER 
OUTPUT 
/ Pl.7 


RESET 


CONSOLE 
SERIAL 
INPUT 


CONSOLE 
SERIAL 
OUTPUT 


INTO / DMA 
REQUEST 
INn 


TO 
Tl 


WR 


RD 


XTAL2 


XTALl 
vss 


vcc 


ADO 


ADl 


AD2 


AD3 


AD4 


AD5 


AD6 


AD7 


+5 
VOLTS 


ALE 


PSEN 


A15 
A14 


A13 


A12 


All 


Al0 


A9 


A8 


the T2 trigger 
function 
are 
covered 
in the 
Microcontrollers Handbook. Order Number 210918- 
002. 


Can be used as the external 
input to TIMER/ 


COUNTER 2. A one (1) must be written to this port 
pin output latch in order for this function to operate. 
Details of the T2 trigger function are covered in the 
Microcontroller Users Manual. 


This pin is used as the PWM output port when the 
PWM statement is executed. PWM stands for Pulse 
Width Modulation and is used to generate pulses of 
varying duty cycle and frequency. 


This pin is used to disable the ALE signal to the 
external address latch when the EPROM/E2PROM 
programming feature is used. In a system, this pin is 
logically anded with ALE. 


When the EPROM/E2pROM programming feature is 
used, this pin provides the proper programming pulse 
width to program EPROM and INTElligent EPROM@> 
devices. MCS BASIC-52 actually calculates 
the 
proper programming pulse width from the system 
crystal value (XTAL) to assure the proper timing of 
this pulse. When used to program E2PROM devices, 
the length of this pulse is not critical. This pin is active 
in the logical zero (0) state. 


inter 


PORT 1.5 (PROGRAMMING 
ENABLE) 


When 
the 
EPROM/E2PROM 
programming 
feature 
is 
implemented, 
this 
pin 
is 
used 
to 
enable 
the 
EPROM 
programming 
voltage. 
This 
pin remains 
active 
(logically 
low (0» 
during 
the entire 
EPROM 
programming 
process. 
On E2PROM 
devices 
that do 
not require any special programming 
voltage, this pin 
is not used. 


When the DMA feature 
is implemented 
as described 
in the MCS® BASIC-52 
users manual, 
this pin func- 
tions as an active low DMA ACKNOWLEDGE 
output. 


This pin functions 
as a serial output 
port when the 
LIST # or 
PRINT # command 
and/or 
statement 
is 
used. This enables 
the user to make a "hard copy" 
of a program 
or to print out results of a calculation. 


A high (2.5 volts) on this pin for two machine 
cycles 
while the oscillator 
is running 
resets the device. 
An 
external 
pulldown 
resistor 
(-S.2K) 
from 
RESET 
to 
VSS permits 
power-on 
reset when a capacitor 
(-10 
uf) is connected 
from this pin to VCC. 


ALE (address 
latch enable) 
is an output 
pin that is 
used to latch the low order address byte during Read, 
Write, 
or program 
fetch 
operations 
to external 
memory. 


This pin (Program 
Store ENable) 
is a control 
signal 
that is used to enable 
external 
program 
memory. 
In 
MCS® BASIC-52, 
this pin will always remain inactive 
(logically 
high (1)) unless the user is running 
an as- 
sembly 
language 
program 
in external 
memory. 


Input 
to 
the 
inverting 
amplifier 
that 
forms 
the 
oscillator. 


Output of the inverting 
amplifier 
that forms the oscil- 
lator, and input to the internal 
clock 
generator. 
Re- 
ceives the external 
oscillator 
signal when an external 
oscillator 
is used. 


A control 
signal that is used to enable 
READ opera- 


tions to external data memory. 
This pin is active low 
(0). 


WR 


A control 
signal that is used to enable 
WRITE 
oper- 
ations to external data memory. This pin is active low 
(0). 


This pin can be programmed 
to be an external 
input 
to TIMER/COUNTER 
1. 


This pin can be programmed 
to be an external 
input 
to TIMER/COUNTER 
O. 


INT1 


This pin is the external 
interrupt 
1 pin. It is active low 
and interrupts 
on this pin may be handled 
in either 
BASIC or in assembly 
language. 


This is the external 
interrupt 
0 pin. It is active low and 
may be optionally 
programmed 
to function 
as a DMA 
request 
input pin. The DMA REQUEST 
pin is used 
by E2pROM 
devices 
during 
programming. 


This is the serial 
output 
pin to the console 
device. 


Standard ASCII codes are used as well as a standard 
asynchronous 
frame. 


This is the serial input pin that receives 
data from the 
console 
device. 
Standard 
ASCII codes are assumed 
to be the input and the data is assumed 
to be trans- 
mitted using a standard 
asynchronous 
frame. 


If pin 31 is grounded 
the S052AH-BASIC 
will operate 
as a standard 
S032AH. 
The tolerances 
on this pin 
are described 
under DC characteristics. 


For detailed 
information 
concerning 
this 
product 
please 
refer to the 
MCS 
BASIC-52 
Users 
Manual 
(Order Number 21091S-002). 


~ •.,,>v,u," 
IV/ax/mum 
Hattngs" 
may 
cause 
permanent damage to the device. This is a stress 
rating only and functional operation of the device at 
these or any other conditions above those indicated 
in the operational sections of this specification is not 
implied. 
Exposure to absolute 
maximum rating 
conditions for extended periods may affect device 
reliability. 


".d_F 
linblent 
Temperature 
Under Bias 
. . . 
O°C to 70°C 


Storage 
Temperature 
. . . . 
- 65°C to + 150°C 


Voltage 
on Any Pin With 
Respect 
to Ground 
(VSS) 
-0.5V 
to + 7V 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC+ 
0.5 
V 
(Except 
RST and XTAL2) 


VIH1 
Input High Voltage 
to 
2.5 
VCC 
+ 0.5 
V 
XTAL1 to VSS 
RST for Reset, XTAL2 


VOL 
Output 
Low Voltage 
Port 1, A8-15, 
0.45 
V 
10L = 
1.6mA 
Control 
Functions 


VOL1 
Output 
Low Voltage 
ALE, PSEN 
0.45 
V 
10L = 3.2mA 
(Note 1) 


VOH 
Output 
High Voltage 
Port 1, A8-15, 
2.4 
V 
10H = 
-80J,LA 
Control 
Functions 


VOH1 
Output 
High Voltage 
ADO-7, 
ALE, PSEN 
2.4 
V 
10H = 
-400J,LA 


ilL 
Logical 0 Input Current 
Port 1, A8-15 
-800 
J,LA 
Vin = 0.45V 
Control 
Functions 


1IL2 
Logical 0 Input Current 
XTAL2 
-2.5 
mA 
XTAL 1 at VSS, 
Vin=0.45V 


IL1 
Input Leakage 
Current 
To ADO-7 
EA 
±10 
J,LA 
0.45V<Vin<VCC 


IIH1 
Input High Current 
to RSTNPD 
For 
500 
J,LA 
Vin = VCC 
- 
1.5V 
Reset 


ICC 
Power Supply 
Current 
175 
mA 
All outputs 
disconnected 


CIO 
Capacitance 
of 1/0 Buffer 
10 
pF 
fc = 
1MHz, TA = 25°C 


Note 1: Vol is degraded 
when the B032AH/B052AH 
rapidly discharges 
external 
capacitance. 
This AC noise is most pronounced 
during emission 
of address 
data. When 
using external 
memory, 
locate the latch or buffer 
as close to the B032AH/B052AH 
as 
possible. 
. 


VOL 
Emitting 
Degraded 
(peak) 
Datum 
Ports 
I/O Lines 
(max) 


Address 
A8-15, 
ADO-7 
P1, Control 
0.8V 
Functions 


Write Data 
ADO-7 
P1, Control 
0.8v 
Functions, 
ALE 


Variable 
Clock 
f = 3.5 MHz to 12 MHz 


Symbol 
Parameter 
Mln 
Max 
Unit 


TCLCL 
Oscillator 
Period 
83.3 
286 
ns 


TCHCX 
High Time 
20 
ns 


TClCX 
Low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


A.C. CHARACTERISTICS: 
(TA = 0 °C to +70 
°C, VCC = 5V ±10%, 
VSS = OV, 


Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF, 


Load Capacitance 
for All Other Outputs 
= 80 pF) 


12MHz 
Osc 
Variable 
Oscillator 


Symbol 
Parameter 
Min 
Max 
Min 
Max 
Units 


1fTCLCL 
Oscillator 
Frequency 
3.5 
12. 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHQX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


2.4==>(2.0 
2.oX= 
TEST POINTS 
0.8 
11:8 
0.45 
-------- 


AC inputs 
during 
testing 
are driven 
at 2.4V for a logic "1" and 0.45V 
for a logic "0". 
Timing 
measurements 
are made at 2.0V 
for a logic "1" and 0.8V for a logic "0". 
For timing 
purposes, 
the float state is defined 
as the point at which an ADO-7 
pin sinks 
2.4mA 
or sources 
400J.tA at the voltage 
test levels. 


I 
STATE 4 


Pl I P2 


STATE 5 


Pl I P2 


STATE 6 


Pl I P2 


STATE 1 


Pl I P2 


STATE 2 


Pl 
I P2 


STATE 3 


Pl 
I P2 


STATE 4 


Pl I P2 


STATE 5 


Pl I P2 


1 
~ 
I 
I 


~ 


THESE 
SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXTERNAL PROGRAM MEMORY FETCH 
EXECUTION OF A MOVX INSTRUCTION 


-P-SE-N--- 
__- _- _- _--- -- --- 
--::---... 
~I 
I ~ 
I 
L 


AS-Hi" 


READ CYCLE 


RD 
PCL OUT (IF PROGRAM 
MEMORY IS EXTERNAL) 


A8-15 


WRITE CYCLE 


WR 
PCL OUT (EVEN IF PROGRAM 


DATA OUT 
M_:M_:trFL 


PCL OUT (IF PROGRAM 
••••• 
.••• MEMORY IS EXTERNAL) 
I 


PORT OPERATION 


MOV PORT, SRC 


MOV DEST, Pl 
(INCLUDES INTO,INT1, TO,Tl) 
~ 


SERIAL PORT S-H-IFT-C-L-O-C-K--- 
Pl, PIN SAMPLED 
I 


:;:~DE 
0) 
--------~_ 
•• 
RXD SAMPLED 


Pl, 
~ 
PIN SAMPLED 
I 


RXD SAMPLED¥ 


This diagram 
indicates 
when 
signals 
are clocked 
internally. 
The time it takes 
the signals 
to propagate 
to the pins, 
however, 
ranges from 25 to 125 ns. This propagation 
delay is dependent 
on variables 
such as temperature 
and pin loading. 
Propagation 
also varies 
from 
output 
to output 
and component 
to component. 
Typically 
though, 
(TA = 25°C, 
fully 
loaded) 
RD and WR 
propagation 
delays 
are approximately 
50 ns. The other signals 
are typically 
85 ns. Propagation 
delays 
are incorporated 
in the 
AC specifications. 


:.-.1. 
I"vnlVIV~ ~II~ULI:-vnll'" 
O-DII MI\,MU\,UMI""U Il::n 
With Factory Mask-Programmable 
ROM 


SOC31BH/SOC31BH-1/S0C31 BH-2 
CHMOS SINGLE-CHIP 
S-BIT CONTROL-ORIENTED 
CPU WITH RAM AND I/O 


80C51BH/80C31BH 
- 
3.5 TO 12 MHz, VCC = 5 V ±20% 
80C51BH-1/80C31BH-1 
- 
3.5 TO 16 MHz, VCC = 5 V ±20% 
80C51BH-2/80C31BH-2 
- 
0.5 to 12 MHz, VCC = 5 V ±20% 


• 
Power Control 
Modes 
• 
128 x 8-Bit RAM 
• 
32 Programmable 
I/O Lines 
• 
Two 16-Bit Timer/Counters 
• 
64K Program 
Memory 
Space 


• 
High Performance 
CHMOS 
Process 
• 
Boolean Processor 
• 
5 Interrupt 
Sources 
• 
Programmable 
serial 
Port 
• 
64K Data Memory 
Space 


The MCSQl>-51CHMOS 
products 
are fabricated 
on Intel's CHMOS 
III process 
and are functionally 
compatible 
with the standard 
MCS-51 
HMOS and EPROM 
products. 
CHMOS 
III is a technology 
which combines 
the high 
speed and density characteristics 
of HMOS with the low power attributes of CHMOS. This combination 
expands 
the effectiveness 
of the powerful 
MCS-51 
architecture 
and instruction 
set. 


Like the MCS-51 
HMOS versions, 
the MCS-51 CHMOS 
products have the following 
features: 
4K byte of ROM 


(80C51BH/80C51 
BH-1/80C51 
BH-2 only); 
128 bytes of RAM; 32 I/O lines; two 16-bit timer/counters; 
a five- 
source two-level 
interrupt 
structure; 
a full duplex serial port; and on-chip oscillator 
and clock circuitry. 
In addition, 


the 
MCS-51 
CHMOS 
products 
have 
two software 
selectable 
modes 
of reduced 
activity 
for further 
power 
reduction 
- 
Idle and Power 
Down. 


The 
Idle mode 
freezes 
the CPU while 
allowing 
the RAM, timer/counters 
serial port and interrupt 
system 
to 
continue 
functioning. 
The Power 
Down mode saves the RAM contents 
but freezes 
the oscillator, 
causing 
all 
other chip functions 
to be inoperative. 


------- 
....., 


I 
I 
I 
I 
I 


1 
I 
I 
I 


80C51 BH/80C51 BH-1/80C51 BH-2 
80C31 BH/80C31 BH-1/80C31 BH-2 


In the idle mode, the CPU puts itself to sleep while 
all the on chip peripherals 
stay active. The instruction 
that invokes 
the Idle mode is the last instruction 
ex- 
ecuted 
in the 
normal 
operating 
mode 
before 
Idle 
mode is activated. 
The content 
of CPU, the on chip 
RAM, and all the Special 
Function 
Registers 
remain 
intact 
during 
this mode. 
The Idle mode can be ter- 


minated 
either by any enabled interrupt, at which time 
the process 
is picked up at the interrupt 
service 
rou- 


tine 
and 
continued, 
or by a hardware 
reset 'which 
starts the processor 
the same as a power on reset. 


In the Power 
Down 
mode 
the oscillator 
is stopped, 


and the instruction 
that invokes 
Power 
Down is the 
last instruction 
executed. 
Only the contents 
of the on 
chip RAM is preserved. 
A hardware 
reset is the only 
way to terminate 
Power Down. 


The control 
bits for the reduced 
power modes are in 
the Special 
Function 
Register 
PCON. 


NOTE: 
For more 
detailed 
information 
on these 
re- 
duced power modes refer to the 1985 Microcontroller 
Handbook. 


PIN DESCRIPTIONS 


VCC 


Supply voltage during normal, 
Idle, and Power Down 
operations. 


Port 0 is an 8-bit open drain bi-directional 
I/O port. 


Port 0 pins that have 1's written to them float, and in 


Port 0 is also the multiplexed 
low-order 
address and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when emitting 
1s. Port 0 also outputs the 


code 
bytes 
during 
program 
verification 
in the 


80C51 BH. External 
pullups 
are required 
during pro- 


gram verification. 


Port 1 is an 8-bit bidirectional 
I/O port with internal 


pullups. 
Port 1 pins that have 1s written to them are 


pulled high by the internal 
pullups, 
and in that state 


can be used as inputs. As inputs, Port 1 pins that are 
eternally 
being pulled low will source 
current 
(Ill, 
on 


the data sheet) 
because 
of the internal 
pullups. 


Port 1 also receives the low-order 
address 
bytes dur- 


ing program 
verification. 


Port 2 is an 8-bit bidirectional 
I/O port with internal 


pullups. 
Port 2 pins that have 1s written to them are 


pulled high by the internal 
pullups, 
and in that state 


can be used as inputs. As inputs, Port 2 pins that are 
externally 
being pulled low will source current (Ill, 
on 


the data sheet) 
because 
of the internal 
pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong internal pullups when emitting 
1s. During 


accesses 
to external 
Data Memory 
that use 8-bit ad- 


dresses 
(MOVX 
@Ri), 
Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


\ 


Table 
1. Status 
of the external 
pins during 
Idle and Power 
Down modes 


Program 
Mode 
Memory 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


PI.O 
Pl.1 
Pl.2 
PI.3 
PI.4 
P' 5 
PI.6 
PI.7 
RST 
P3.0/RXD 
P3.I/TXD 
P3.21INTO 
P3.3 INTI 
P3.4/TO 
P3.51T1 
p3.6/ViR 
P3.7/RD 
HAL2 
HAll 


VSS 


SOC51 BH/SOC51 BH·1/S0C51 
BH·2 
SOC31 BH/SOC31 
BH·1 /SOC31 BH·2 


vcc 
PO.O 
PO.1 
PO.2 


PO.3 


PO.4 
PO.5 


PO.6 
PO.7 
EA 


ALE 


PSEN 
P2.7 
P2.6 
P2.5 
P2.4 
P2.3 
P2.2 
P2.1 
P2.0 


Pin 


Diagrams 
are for pin reference 
only. 


Package 
sizes are not to scale. 


P1.5 
7 


Pl.6 
• 


PL7 
t 


RST 
10 


P3.0 
11 
Ne 
12 


P3., 


P3.2 
14 


P3.3 
IS 


P3.4 
1', 


P3.5 
17; 


•.~: 
':~ 
'21 


3. 
PO,4 


J8 
PO,S 


iT 
PO.6 


J6 
PO.7 


\:?S 
EA 


~," 
Ne 


:~ 
ALE 


32 
PSEN 


31 
P2.7 


;36 P2.6 


r21 
P2.5 


<O ••••.N_(/)(.)O_NM.,- 
~~~~~z~~~~~ 


)( 
)( 


pullups. 
Port 3 pins that have 1s written to them are 
pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 3 pins that are 
externally being pulled low will source current (ilL, on 
the data sheet) because of the pullups. 


Port 3 also serves 
the functions 
of various special 
features of the MCS-51 
Family, as listed below: 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 


RXD (serial 
Input 
port) 


TXD (serial 
output 
port) 


INTO (external 
interrupt 
0) 


INn 
(external 
interrupt 
1) 


TO (Timer 
0 external 
input) 


T1 (Timer 
1 external 
input) 


WR (external 
data memory 
write 
strobe) 


RD (external 
data memory 
read 
strobe) 


Reset input. A high on this pin for two machine cycles 
while the oscillator 
is running resets the device. An 
internal 
diffused 
resistor 
to VSS permits 
Power-On 
reset uSing only an external capacitor 
to VCC. 


Address 
Latch Enable output pulse for latching the 
low byte of the address during accesses 
to external 
memory. 


In normal operation ALE is emitted at a constant rate 
of 1/6 the oscillator 
frequency, 
and may be used for 


external timing or clocking purposes. 
Note, however, 


that one ALE pulse is skipped during each access to 
external Data Memory. 


Program Store Enable is the read strobe to external 
Program Memory. 


When the 80C51 BH is executing 
code from external 
Program Memory, PSEN is activated twice each ma- 
chine 
cycle, 
except 
that two PSEN activations 
are 
skipped during each access to external Data Memory. 
PSEN 
is not activated 
during fetches 
from internal 
program 
memory. 


External Access enable. 
EA must be externally 
held 
low in order to enable the device to fetch code from 
external 
Program 
Memory 
locations 
OOOOH to 
OFFFH. If EA is held high the device executes from 
internal Program Memory unless the program counter 
contains 
an address greater than OFFFH. 


Input to the inverting oscillator 
amplifier and input to 
the internal 
block generator 
circuits. 


XTAl2 
It 
D 


XTAL 
1 
}- 


VSS 


XTAL 1 and XTAL2 are the input and output, respec- 
tively, of an inverting 
amplifier which can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 3. More detailed 
information 
concerning 
the 
use of the on-chip oscillator is available in Application 
Note AP-155, "Oscillators 
for Microcontrollers," 
avail- 
able from your Intel sale representative. 


To drive the device 
from an external 
clock source, 


XTAL 1 should be driven, while XTAL2 is left uncon- 
nected, as shown in Figure 4. There are no require- 
ments on the duty cycle of the external clock signal, 
since the input to the internal 
clocking 
circuitry 
is 
through 
a divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times specified 
on the Data 
Sheet must be observed. 


• 
At power on, the voltage on VCC and RST must 
come up at the same time for a proper start-up. 
• 
Before entering 
the Power Down mode the con- 
tents of the Carry Bit and B. 7 must be equal. 


NC 
XTAL 
2 


EXTERNAL 
OSCILLATOR 
XTAL 
1 
SIGNAL 


VSS 


-= 


80C51 BH/80C51 
BH-1/80C51 
BH-2 
80C31 BH/80C31 
BH-1/80C31 
BH·2 


Ambient Temperature 
Under Bias . . . O°C to 70°C 


Storage Temperature 
. . . . . . 
- 65°C to + 150°C 


Voltage on Any 
Pin to VSS' 
-0.5 
V to VCC + 0.5 V 


Voltage on VCC to VSS' 
. 
. -0.5 
V to 6.5 V 


Power Dissipation 
. . . . . . . . . . . . .. 
1.0 W** 


*NOTlCE: 
Stresses 
above 
those listed 
under 
"Ab- 
solute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage 
to the device. 
This is a stress rating only 
and functional operation of the device at these or any 
other conditions 
above those indicated 
in the oper- 
ational sections 
of this specification 
is not implied. 
Exposure to absolute maximum 
rating conditions 
for 
extended 
periods 
may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
.2VCC-·l 
V 
(Except EA) 


VILl 
Input Low Voltage (EA) 
-0.5 
.2VCC-·3 
V 


VIH 
Input High Voltage 
.2VCC+·9 
VCC+0.5 
V 
(Except XTAL 1, RST) 


VIHl 
Input High Voltage 
.7VCC 
VCC+0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA (Note 1) 
(Ports 1, 2, 3) 


VOL1 
Output Low Voltage 
0.45 
V 
IOL = 3.2 mA (Note 1) 
(Port 0, ALE, PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH= -60 
J.LAVCC=5 
V±10% 


(Ports 1, 2, 3) 
.75VCC 
V 
IOH= -25 
J.LA 


.9VCC 
V 
IOH= 
-10 
J.LA 


VOHl 
Output High Voltage 
2.4 
V 
IOH= 
-400 
J.LAVCC=5 
V±10% 


(Port 0 in External Bus 
.75VCC 
V 
IOH= 
-150 
J.LA 
Mode, ALE, PSEN) 


.9VCC 
V 
IOH = - 40 J.LP ~"Jote 2) 


IlL 
Logical 0 Input Current 
-50 
J.LA Vin = 0.45 V 
(Ports 1, 2, 3) 


ITL 
Logical 1 to 0 Transition 
-650 
J.LA Vin=2 
V 
Current 
(Ports 1, 2, 3) 


III 
Input Leakage Current 
±10 
J.LA 0.45 < Vin < VCC 
(Port 0, EA) 


RRST 
Reset Pulldown 
Resistor 
50 
150 
KOhm 


CIO 
Pin Capacitance 
10 
pF 
Test Freq = 1 MHz, TA = 25°C 


IPD 
Power Down Current 
50 
J.LA VCC=2 
to 6 V (Note 3) 


SOC51 BH/SOC51 BH-1/S0C51 
BH·2 
SOC31 BH/SOC31 BH·1/S0C31 
BH·2 


TYPICAL 
ICC: Typical operating 
ICC at 3 MHz and VCC = 5.0 V is 3.8 mA, and varies with frequency 
at the 


rate of 0.67 mNMHz. 


Operating 
(Note 4) 
Idle (Note 5) 


Freq. VCC 
4V 
5V 
6V 
4V 
5V 
6V 


0.5 MHz 
1.6 
2.2 
3 
0.6 
0.9 
1.2 


3.5 MHz 
4.3 
5.7 
7.5 
1.1 
1.6 
2.2 


8.0 MHz 
8.3 
11 
14 
1.8 
2.7 
3.7 


12 MHz 
12 
16 
20 
2.5 
3.7 
5 


16 MHz 
16 
20.5 
25 
3.5 
5 
6.5 


Note 
1: 
Capacitive 
loading on Ports 0 and 2 may cause spurious 
noise pulses to be superimposed 
on the VOLS of ALE and 


Ports 1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these 


pins make 1-10-0 transitions 
during bus operations. 
In the worst cases (capacitive 
loading> 
100 pF), the noise pulse 


on the ALE line may exceed 
0.8 V. In such cases it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use 


an address 
latch with a Schmitt Trigger 
STROBE 
input. 


Note 2: 
Capacitive 
loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily 
fall before the .9 VCC 


specification 
when the address 
bits are stabilizing. 


Note 3: 
Power Down ICC is measured 
with all output pins disconnected; 
EA=Port 
O=VCC; 
XTAL2 N.C.; RST=VSS. 


Note 4: 
ICC is measured 
with all output 
pins disconnected; 
XTAL 1 driven 
with TCLCH, 
TCHCL = 5 ns, VIL = VSS +.5 
V, 


VIH=VCC-.5 
V; XTAL2 N.C.; EA=RST=Port 
O=VCC. 
ICC would be slightly 
higher if a crystal oscillator 
is used. 


Note 5: 
Idle ICC is measured 
with all output pins disconnected; 
XTAL 1 driven with TCLCH, TCHCL = 5 ns, VIL = VSS +.5 
V, 


VIH = VCC -.5 
V; XTAL2 N.C.; Port 0 = VCC; EA = RST = VSS· 


Each timing symbol has 5 characters. 
The first char- 
acter is always a 'T' (stands for time). The other char- 
acters, 
depending 
on their positions, 
stand for the 
name of a signal or the logical status of that signal. 
The following 
is a list of all the characters 
and what 
they stand for. 


A: 
Address. 


C: 
Clock. 


D: 
Input data. 


H: 
Logic level HIGH. 
I: 
Instruction 
(program memory contents). 


L: 
Logic level LOW, or ALE. 


P: 
PSEN. 


Q: 
Output data. 


R: 
READ signal. 


T: 
Time. 
V: 
Valid. 


W: WRITE signal. 
X: 
No longer a valid logic level. 


Z: 
Float. 


EXAMPLE: 
TAVLL = Time for Address Valid to ALE Low. 
TLLPL 
= Time for ALE Low to PSEN Low. 


~.~. 
"''\' •.••••.•..,._ ••.~ .. ~~. \.~nCS1BHJ80C&1QJi-1/80C51BH-2 
__ 
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~. 


Port 0, ALE, and PSEN = 100 pF, Load Capacitance 
for All Other Outputs 


= 80 pF) 


12 MHz Osc 
Variable 
Oscillator 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


1ITCLCL 
Oscillator 
Frequency 
MHz 
80C51 BH/80C31 BH 
3.5 
12 


I 
80C51 BH-1/80C31 BH-1 
3.5 
16 
80C51 BH-2/80C31 BH-2 
0.5 
12 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address Valid to ALE Low 
28 
TCLCL-55 
.. 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
234 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
43 
TCLCL-40 
ns 


TPLPH 
PSESN Pulse Width 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
145 
3TCLCL-105 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
59 
TCLCL-25 
ns 


TAVIV 
Address to Valid Instr In 
312 
5TCLCL-105 
ns 


TPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
Valid to Write Low 
203 
4TCLCL-130 


TQVWX 
Data Valid to WR Transition 
.. 
23 
TCLCL-60 
ns 


TWHQX 
Data Hold After WR 
33 
TCLCL-50 
- 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


80C51 BH/80C51 
BH-1/80C51 
BH-2 
80C31 BH/80C31 
BH-1/80C31 
BH·2 


I 


TRHOl 


TRHDX 
- 
----::- 


TPXIZI-- 


TPXIX- 
- 


SOC51 BH/SOC51 
BH-1 /SOC51 BH·2 
SOC31 BH/SOC31 
BH-1 /SOC31 BH·2 


TWHlH 


ALE 


~ 
P 
: 
l'«N 
\ 


-.-TLlWl-1 
TWlWH 
I 


Wli 


TOVWXi... 


TWHOX 


TQVWH 
J... 


PORT 
0 
DATA OUT 


1-"""'-11--...... 
I 
----'-:.:.:.:.:.:X 
X 
X 
X 
X 
X 


nMW~jl--_' 
t-" 
.....•- 


Symbol 
Parameter 
Min 
Max 
Units 


llTCLCL 
Oscillator 
Frequency 
MHz 
80C51 BH/80C31 BH 
3.5 
12 
80C51 BH-1/80C31 BH-1 
3.5 
16 
80C51 BH-2/80C31 BH-2 
0.5 
12 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


12 MHz Osc 
Variable Oscillator 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1.0 
12TCLCL 
J.I-S 


TQVXH 
Output Data Setup to Clock Rising Edge 
700 
1OTCLCL - 133 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
50 
2TCLCL-117 
ns 


TXHDX 
Input Data Hold After Clock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
1OTCLCL - 133 
ns 


vcc- 


0 


. 


5=X 
>C 


0.2 Vcc+0.9 


0.45 V 
__0_.2_V_C_C_-_0_.l 
_ 


VLOAO+O.l 
V 


VLOAO 
>TIMING 
REFERENCE 
POINTS 
VLOAO-O.l 
V 


FOR TIMING 
PURPOSES 
A PORT 
PIN IS NO LONGER 
FLOATING 


WHEN 
A 100 mV CHANGE 
FROM 
LOAD 
VOLTAGE 
OCCURS, 
AND 


BEGINS 
TO FLOAT 
WHEN 
A 100 mV CHANGE 
FROM 
THE 
LOADED 
VOI-flVOL 
lEVEL 
OCCURS. 
IOL/10H 
~ 
:!: 20 mA. 


CHMOS SINGLE COMPONENT a-BIT 
MICROCONTROLLER 
with Factory Mask-Programmable 
ROM 


CHMOS SINGLE COMPONENT a-BIT 
CONTROL-ORIENTED 
CPU with RAM and I/O 


SOC51BH/SOC31BH - 
3.5 to 12 MHz VCC = 5V ± 20% 


EXPRESS 


• 
Extended Temperature 
Range 


• 
Burn-In 


The Intel EXPRESS 
system 
offers enhancements 
to the operational 
specifications 
of the MCS-51 
family of 


microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the needs of those 
applications 
whose 


operating 
requirements 
exceed commercial 
standards. 


The EXPRESS 
program 
includes the commercial 
standard temperature 
range with burn-in, and an extended 


temperature 
range with or without burn-in. 


With 
the 
commercial 
standard 
temperature 
range 
operational 
characteristics 
are 
guaranteed 
over 
the 


temperature 
range of O°C to 70°C. With the extended temperature 
range option, operational 
characteristics 
are 


guaranteed 
over the range of - 40°C to + 85°C. 


The optional burn-in is dynamic, for a minimum time of 160 hours at 125°C with VCC = 6.0V ± 0.25V, following 
guidelines 
in MIL-STD-883, 
Method 
1015. 


Package 
types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. The 


prefixes are listed in Table 1. 


For the extended 
temperature 
range option, this data sheet specifies the parameters 
which deviate from their 


commercial 
temperature 
range limits. The commercial 
temperature 
range data sheets are applicable 
for all 


parameters 
not listed here. 


Electrical Deviations from Commercial Specifications 
for Extended Temperature Range 


D.C. and A.C. parameters 
not included here are the same 
as in the commercial 
temperature 
range data sheets. 


Limits 


Symbol 
Parameter 
Min. 
Max. 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
.2VCC 
-.15 
V 
(Except EA) 


VIL1 
EA 
-0.5V 
.2VCC 
-.35 
V 


VIH 
Input High Voltage 
.2VCC+1 
VCC + 0.5 
V 


(Except XTAL 1, RST) 


VIH1 
Input High Voltage to 
0.7VCC+0.1 
VCC 
+ 0.5 
V 
XTAL1, RST 


IlL 
Logical 0 Input Current 
p.A 
Vin = 0.45V 
(Port 1, 2, 3) 
-75 


ITL 
Logical 1 to 0 transition 
p.A 
Vin = 2.0V 
Current (Ports 1, 2, 3) 
-750 


Prefix 
Package Type 
Temperature 
Range 
Burn-In 


P 
Plastic 
Commercial 
No 


0 
Cerdip 
Commercial 
No 


N 
PLCC 
Commercial 
No 


TP 
Plastic 
Extended 
No 


TO 
Cerdip 
Extended 
No 


TN 
PLCC 
Extended 
No 


ap 
Plastic 
Commercial 
Yes 


aD 
Cerdip 
Commercial 
Yes 


aN 
PLCC 
Commercial 
Yes 


LP 
Plastic 
Extended 
Yes 


LO 
Cerdip 
Extended 
Yes 


LN 
PLCC 
Extended 
Yes 


Please Note: 
• 
Commercial 
temperature 
range is 0° to 70°C. Extended 
temperature 
range is -40° 
to +85°C . 


• 
Burn-in 
is dynamic, 
for a minimum 
time of 160 hours at 125°C, VCC = 6.0 ± 0.25V, following 
guidelines 
in 
MIL-STO-883 
Method 
1015 (Test Condition 
0). 


Examples: 
P80C31BH 
indicates 
80C31BH 
in a plastic package 
and specified 
for commercial 
temperature 
range, without 
burn-in. 
L080C5tBH 
indicates 
80C51BH 
in a cerdip package 
and specified 
for extended 
temperature 
range with burn-in. 


inter 


8031 AH/8051 AH 
8032AH/8052AH 
8751 H/8751 H 


• 
Extended Temperature 
Range 
• 
Burn-in 


The Intel EXPRESS 
system offers enhancements 
to the operational 
specifications 
of the MCS~-51 family of 


microcontrollers. 
These 
EXPRESS 
products 
are designed 
to meet the needs of those 
applications 
whose 
operating 
requirements 
exceed commercial 
standards. 


The EXPRESS 
program 
includes the commercial 
standard temperature 
range with burn-in, and an extended 


temperature 
range with or without burn-in. 


With the commercial 
standard temperature 
range operational 
characteristics 
are guaranteed 
over the temper- 
ature 
range 
of O°C to 70°C. With the extended 
temperature 
range 
option, 
operational 
characteristics 
are 
guaranteed 
over the range of - 40°C to +85°C. 


The optional burn-in is dynamic, for a minimum time of 160 hours at 125°C with VCC = 5.5V ±0.5V, 
following 


guidelines 
in MIL-STD-883, 
Method 1015. 


Package types and EXPRESS 
versions 
are identified 
by a one- or two-letter 
prefix to the part number. The 


prefixes are listed in Table 1. 


For the extended temperature 
range option, this data sheet specifies the parameters 
which deviate from their 


commercial 
temperature 
range limits. The commercial 
temperature 
range data sheets are applicable 
for all 


parameters 
not listed here. 


Electrical Deviations from Commercial 
Specifications 
for Extended Temperature 
Range 


D.C. and A.C. parameters 
not included here are the 
same as in the commercial 
temperature 
range data 
sheets. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.75 
V 


VIH 
Input High Voltage (Except 
2.1 
VCC + 0.5 
V 
XTAL2, RST) 


ICC 
Power Supply Current: 
8051 AH,8031 AH 
135 
ma 
All Outputs 
8052AH ,8032AH 
175 
ma 
Disconnected; 


8751 H,8751 H-8 
265 
ma 
EA = VCC 


1IL2 
Logic 0 Input Current (XTAL2) 
-4.0 
ma 
Vin = 0.45 V 


Prefix 
Package Type 
Temperature 
Range 
Burn-In 


P 
plastic 
commercial 
no 


D 
cerdip 
commercial 
no 


C 
ceramic 
commercial 
no 


TP 
plastic 
extended 
no 


TD 
cerdip 
extended 
no 


TC 
ceramic 
extended 
no 


OP 
plastic 
commercial 
yes 


OD 
cerdip 
commercial 
yes 


OC 
ceramic 
commercial 
yes 


LP 
plastic 
extended 
yes 


LD 
cerdip 
extended 
yes 


LC 
ceramic 
extended 
yes 


Please note: 


• 
Commercial 
temperature 
range is O' to 70·C. Extended 
temperature 
range is -40· 
to + 85·C. 


• 
Burn-in 
is dynamic, 
for a minimum 
time of 160 hours at 125·C, VCC = 5.5V 
:!:0.5V, following 
guidelines 
in MIL-STO-883 
Method 
1015 (Test Condition 
OJ. 


• 
The following 
devices 
are not available 
in plastic packages: 


8751 H,8751 H 


• 
The following 
devices 
are not available 
in ceramic 
packages: 
8051AH,8031AH 
8052AH,8032AH 


Examples: 
P8031AH indicates 8031AH 
in a plastic package and specified for commercial 
temperature 
range, 
without burn-in. LD8751 H indicates 8751 H in a cerdip package and specified for extended temperature 
range 


with burn-in. 


8752A 
SINGLE-CHIP 8-BIT MICROCONTROLLER 
THREE 16-BIT TIMER/COUNTERS 
8K BYTES OF EPROM PLUS 256 BYTES OF RAM 


• 
2-Level 
Program 
Security 
System 
• 
8K Bytes 
EPROM 
• 
256 Bytes 
Data RAM 
• 
inteligent 
Programming 
T. Algorithm 
• 
12.5 V Programming 
Voltage 
• 
Boolean 
Processor 
• 
32 Programmable 
I/O Lines 
• 
Three 
16-Bit Timer/Counters 


• 
6 Interrupt 
Sources 
• 
Programmable 
Serial Channel 
• 
Separate 
Transmit/Receive 
Baud Rate 
Capability 
• 
64K Program 
Memory 
Space 
• 
64K Data Memory 
Space 
• 
LCC and DIP packagings 
available 


nMING 


AND 
CONTROL 


The Intel 8752A is the EPROM version of the 8052AH. It contains 8K x 8 of on-chip Program memory that can 
be electrically 
programmed, 
and can be erased by exposure to ultraviolet light. 


The 8752A is a member of the MCS®-51 microcontroller 
family that are optimized for control applications. 
Byte- 
processing 
and numerical 
operation 
on small data structures 
are facilitated 
by a variety of fast addressing 
modes 
for accessing 
the internal 
RAM. The instruction 
set provides 
a convenient 
menu of 8-bit arithmetic 
instructions, 
including 
a 4 micro-second 
(@ 12 MHz) multiply and divide instructions. 


The 8752A 
also offers two new features; 
a 2-level security 
memory 
system 
and inteligent 
programming'· 


algorithm. 


The two-level 
program 
security system consists of 2 security bits and a 32 byte security table memory which 
are used to protect the program memory against software piracy. 


The inteligent 
programming'· 
algorithm 
reduces the programming 
time from 50 msec per byte to a minimum 
of 4 msec per byte. 


T2 
Pl.0 
T2EX 
Pl.l 


Pl.2 


Pl.3 
Pl.4 


Pl.S 
P1.6 


P1.7 


RST 
RXO P3.0 


TXD P3.l 
INTO P3.2 
INTl 
P3.3 


TO P3.4 
Tl 
P3.S 
WR P3.6 
RD P3.7 
XTAL2 
XTALl 
vss 


vcc 
PO.O ADO 
PO.l 
ADl 


PO.2 AD2 
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PO.S ADS 
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PSEN 
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P2.S 
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A9 
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A8 
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THE NEW TWO LEVEL PROGRAM 
SECURITY 
SYSTEM 


The security system of the 8752A is designed to give 
the user the maximum 
control in protecting the inter- 
nal program memory of the part. It allows the user to 
apply 
the 
degree 
of security 
suitable 
for 
the 
application. 


SECURE EXTERNAL 
EXECUTION, 
and the VERIFY 
bit. Programming 
both bits denies 
any external 
ac- 
cess to the on-chip 
program 
memory. 


The security bits, when programmed, 
prohibit the con- 
troller from reading or moving the internal code when 
executing 
out of external program memory, and also 
disable the verify mode. 


It is possible 
to maintain 
the verify capability 
while 
securing the code. This is done by programming 
only 
one 
bit (SECURE 
EXTERNAL 
EXECUTION), 
and 
programming 
the SECURITY 
TABLE. The data that 
appears on the port during the secured verification 
is 
scrambled 
BY the SECURITY 
TABLE contents. 


The SECURITY 
TABLE is a 32 x 8 array of EPROM. 


The user can electrically 
program any arbitrary code 
into it. The code will be used to mask the program 
memory 
during the verification. 
Thus what appears 
at port 0 during the verification 
is a scrambled 
code 
which cannot be deciphered 
without the key table. 


Programming 
the security 
bits also denies the pro- 
gramming 
of the 
EPROM 
and the 
Security 
Table 
Memory. 
Therefore, 
they must be locked 
after the 
code and the security table are programmed. 


Erasing the EPROM also erases the Security Table 
Memory 
and 
the 
security 
bits. 
When 
erased 
the 
EPROM and the table contain all 1s and the part has 
its full functionality. 


INTEL/GENT 
PROGRAMMING'· 


ALGORITHM 


the inteligent programming 
algorithm. This method is 
faster and more efficient than the conventional 
pro- 
gramming 
method. This process, instead of program- 
ming each byte for 50 msec, trys 1 msec per by1e 
and verifies 
it. Normally 
that is enough to burn the 
data in, in which case a final-programming 
pulse is 
applied. 
If the correct 
data cannot 
be verified, 
the 
programming 
is repeated, 
up to a maximum 
of 15 
times, followed 
by the 3X final-programming 
signal. 


X is the number of times it took to verify the correct 
data. 


PROGRAM 
MEMORY: 
Up to 8K by1es of the program 


memory can reside in the on-chip EPROM. In addition 
the device can address up to 64K of program memory 
external to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x 8 
on-chip 
RAM. In addition 
it can address 
up to 64K 
by1es of external data memory. 


40 pin cerdip 
44 pin 1cc 
D8752A 
R8752A 


CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER 
HSO, PWM, COMPARATOR/CAPTURE, 
UP/DOWN COUNTER 
80C252 - 
CPU WITH RAM AND I/O 
83C252 - 
8K BYTES FACTORY MASK 
PROGRAMMABLE ROM 
87C252 - 
8K BYTES USER PROGRAMMABLE EPROM 


• 
High Performance 
CHMOS Process 


• 
Power 
Control 
Modes 


• 
Programmable 
Counter 
Array 


• 
High Speed OUTPUT 


• 
Pulse Width 
Modulator 


• 
Up/Down 
Timer/Counter 


• 
Watchdog 
Timer 


• 
Two Level Program 
Security 
System 


• 
8K Factory 
Mask ROM 


• 
256 Bytes 
of On·Chip 
Data RAM 


• 
inteligent 
Programming'" 
Algorithm 


• 
Boolean 
Processor 


• 
32 Programmable 
I/O Lines 
• 
Three 
16-Bit Timer/Counters 
• 
7 Interrupt 
Sources 
• 
Programmable 
Serial 
Channel 
• 
Framing 
Error 
Detection 
• 
Automatic 
Address 
Recognition 
• 
TTL Compatible 
Logic 
Levels 
• 
64K Program 
Memory 
Space 
• 
64K Data Memory 
Space 
• 
MCS®·51 Fully 
Compatible 
Inst. Set 
• 
PLCC and DIP packagings 


The Intel 80C252 is a single-chip 
control oriented microcontroller 
which is fabricated on Intel's reliable CHMOS- 


III technology. 
Being a member of the MCS-51 family, the 80C252 uses the same powerful instruction set, has 
the same architecture, 
and is pin for pin backward compatible 
with the existing MCS-51 products. 


The 80C252 
has several 
new features 
that make it even more powerful than the 80C51 BH. These features 
are: an additional 
128 x 8 bytes of on-chip 
RAM, an extra Timer/Counter 
with up/down counting capability, 
a 
Programmable 
Counter Array, and Framing Error Detection and Automatic Address Recognition 
for the Serial 
Port. 


The Programmable 
Counter Array consists of five modules and five I/O pins (share Port 1 pins). Each module 
is capable of being programmed 
as: a Pulse Width Modulator, a Watchdog Timer, a Compare/Capture 
Register, 


a High Speed 
Output, 
or just a plain 16-bit Timer/Counter. 
The PCA can generate 
one interrupt when pro- 
grammed 
as a Timer or as a Compare/Capture 
register. 


With the Pulse Width 
Modulator 
and the High Speed Output capability, 
the 80C252 can be used in a wide 
range of motor control 
applications, 
and the Serial Port enhancements 
provide extra reliability 
in the multi- 
processor 
serial communication 
environments. 


The overall power consumption 
of this part, plus the two power control modes (Idle and Power Down), make 
this part ideal for low power and/or battery operated applications. 


T2 Pl.0 
40 
vcc 
INDEX 
CORNER 
~ '" '" 
~ 
00 
'" '" 
T2EX 
Pl.l 
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36 
PO.3 AD3 
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35 
PO.4 AD4 
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~-~ 
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34 
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33 
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32 
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31 
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NC 
I~ ~ 
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30 
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Any or all of the 5 modules 
of the PCA can be pro- 
grammed to be a PWM. In this mode the PCA module 
can convert 
digital data to an analog signal. With a 
16 MHz clock the maximum 
frequency 
of the output 
waveform 
of the PWM is 15.6 KHz. The frequency of 


the PWM depends on one of four software selectable 
clock sources 
of the PCA Timer. The duty cycle of 
the waveform 
is controlled 
by the contents 
of an 8- 
bit register that can be programmed 
to be any integer 


from 0 to 255. 


Any of the PCA modules can be programmed 
to gen- 
erate a signal which 
appears 
on the corresponding 
I/O pin. The output frequency 
can be programmed 
to 
a maximum 
of 6.5 KHz. 


When programmed 
as a comparator, 
the PCA mod- 
ule, at every cycle, compares the contents of its Timer 
with the preset value of the Compare 
register. When 
a match occurs, 
it reverses the logic level of its cor- 
responding 
I/O pin, and generates 
an interrupt. 


In the Capture 
mode the process 
is the reverse of 


the Comparator. 
Upon changing the logic level on the 
corresponding 
I/O pin of the module, the content of 
the PCA Timer 
is loaded 
into the selected 
Capture 
register. An interrupt 
may also be generated. 


These two features 
allow the 80C151 to be used in 
accurate 
pulse width measurement 
in realtime, 
with 
minimum 
software 
overhead. 


Module 
number 
4 of the PCA, along with its Timer 
can be programmed 
to play Watchdog 
Timer. If the 
Timer value matches the Comparator 
Register value, 


an internal 
Reset signal is generated 
which puts the 
microcontroller 
in a hardware 
reset. 


During 
normal 
operation 
the software, 
periodically, 
reloads the Timer or disables the internal reset signal. 
Therefore, 
in case of a malfunction 
due to noise or 
any unwanted 
situation, the processor recovers itself 
and provides 
a more reliable operation. 


Timer 2 is a 16-bit timer/counter 
which is capable of 


up or down counting. 
It has a 16-bit register that can 
be used for auto-reloading 
or as a capture 
register. 


The 
capture 
command 
can 
come 
from 
external 
source 
as well as the clock input to the timer. With 


the help of Timer 2, two different 
baud rates can be 
generated 
for transmit 
and receive. Timer 2 can be 
utilized while the processor 
is in t~e Idle Mode. 


The full duplex serial port of the 80C252 is the same 
as the serial port of the 80C51 with two new features; 
Framing 
Error 
Detection, 
and 
Automatic 
Address 
Recognition. 


3, and the Framing Error Detection system is enabled, 
an invalid received byte affects a status bit. By check- 
ing the bit in the software, 
immediately 
after each 
reception, 
one can distinguish 
between 
correct and 


. incorrect 
bytes. 


The 80C252, 
as a slave microcontroller, 
can recog- 
nize when it is being addressed 
by a master or an- 
other 
slave 
controller 
in 
a 
multi-processor 
environment. 


THE NEW TWO·LEVEL 
PROGRAM 
SECURITY 
SYSTEM 


The security system of the 87C252 and the 83C252 
is designed 
to give the user the maximum 
control in 
protecting 
the internal 
program 
memory 
of the part. 


It allows the user to apply the degree of security suit- 
able for the application. 


Two security bits are implemented; 
the SECURE EX- 
TERNAL 
EXECUTION, 
and 
the VERIFY 
bit. Pro- 
gramming 
both bits denies any external access to the 
on-chip program 
memory. 


The security bits, when programmed, 
prohibit the con- 


troller from reading or moving the internal code when 
executing 
out of external program memory, and also 
disable the verify mode. 


It is possible 
to maintain 
the verify capability 
while 
securing the code. This is done by programming 
only 
one 
bit (SECURE 
EXTERNAL 
EXECUTION), 
and 
programming 
the SECURITY 
TABLE MEMORY. The 
data that appears on the port during the secured ver- 
ification, 
is scrambled 
by the 
SECURITY 
TABLE 
contents. 


In the 87C252 
the SECURITY 
TABLE 
is a 32 x 8 
array of EPROM. The user can electrically 
program 
any arbitrary 
code into it. The code will be used to 
mask the program 
memory 
during 
the verification. 


Thus what appears at port 0 during the verification 
is 
a scrambled 
code which cannot be deciphered 
with- 


out the key table. 


In the 83C252 
the Security 
Table and the Security 
Bits are mask programmable. 


Programming 
the security 
bits also denies the pro- 
gramming 
of the 
EPROM 
and the Security 
Table 
Memory. 
Therefore 
they 
must 
be locked 
after the 
code and the security table are programmed. 


Erasing the EPROM also erases the Security Table 
Memory 
and 
the 
security 
bits. 
When 
erased 
the 
EPROM and the table contain all 1s and the part has 
its full functionality. 


The 87C252 can be electrically programmed 
by using 
the Inteligent programming 
algorithm. This method is 
faster 
and 
more 
efficient 
than 
the 
conventional 
method. 
The 
Inteligent 
Programming 
algorithm 
re- 
duces the programming 
time from 50 m sec per byte 
to a minimum 
of 4 m sec per byte. 


memory 
can reside in the on-chip 
ROM. In addition 
the device can address up to 64K of program memory 
external to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x 8 
on-chip 
RAM. In addition 
it can address 
up to 64K 
bytes of external data memory. 


40 pin cerdip 
44 pin Icc 
D8xC252 
R8xC252 


87C51 
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER 
WITH 4K BYTES OF EPROM PROGRAM MEMORY 
AND INTERNAL CODE SECURITY FEATURE 


• High Performance CHMOS Process 
• Power Control Modes 
• 2-Level Program Security System 
• 128 Bytes Data RAM 
• inteligent Programming ,. Algorithm 
• 12.5 V Programming Voltage 
• Boolean Processor 
• 32 Programmable I/O Lines 


• Two 16-Bit Timer/Counters 
• 5 Interrupt Sources 
• Programmable Serial Channel 
• TTL Compatible Logic Levels 
• 64K Program Memory Space 
• 64K Data Memory Space 
• LCC and DIP packaglngs available 


nMING 
AND 
CONTROL 


The Intel 87C51 is the EPROM version of the 80C51 BH, and is fabricated on Intel's CHMOS 
II-E process. 
It 
contains 
4K x 8 of on-chip 
Program 
memory 
that can be electrically 
programmed, 
and can be erased 
by 
exposure 
to ultraviolet 
light. 


The 87C51 is the EPROM version of the 80C51BH and a member of the MCSll-51 family of microcontrollers. 
It is equipped 
with a 2-level 
program 
memory 
security 
system which protects the on-chip 
program 
against 
software 
piracy. 


The extremely 
low power consumption, 
along with two reduced power modes (Idle and Power Down), make 
this part very suitable for low power applications. 


The Idle mode freezes the CPU while allowing the RAM, Timer/Counters, 
serial port, and interrupt system to 
continue 
functioning. 
The Power Down mode saves the RAM contents 
but freezes the oscillator, 
causing all 
other chip functions 
to be inoperative. 
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THE NEW TWO-LEVEL 
PROGRAM 
SECURITY 
SYSTEM 


The security system of the 87C51 is designed to give 
the user the maximum 
control in protecting the inter- 
nal program memory of the part. It allows the user to 
apply 
the 
degree 
of security 
suitable 
for 
the 
application. 


Two security bits are implemented 
in the 87C51 ; the 
SECURE EXTERNAL 
EXECUTION, 
and the VERIFY 
bit. Programming 
both bits denies any external 
ac- 


The security bits, when programmed, 
prohibit the con- 
troller from reading or moving the internal code when 
executing 
out of external program memory, and also 
disable the verify mode. 


It is possible 
to maintain 
the verify capability 
while 
securing the code. This is done by programming 
only 


one 
bit (SECURE 
EXTERNAL 
EXECUTION), 
and 
programming 
the SECURITY 
TABLE. The data that 
appears on the port during the secured verification 
is 
scrambled 
by the SECURITY 
TABLE contents. 


The SECURITY 
TABLE is a 32 x 8 array of EPROM. 
The user can electrically 
program any arbitrary code 
into it. The code will be used to mask the program 
memory 
during the verification. 
Thus what appears 
at port 0 during the verification 
is a scrambled 
code 
which cannot be deciphered 
without the key table. 


Programming 
the security 
bits also denies the pro- 
gramming 
of the 
EPROM 
and the 
Security 
Table 
Memory. 
Therefore, 
they must be locked 
after the 
code and the security table are programmed. 


Erasing the EPROM also erases the Security Table 
Memory 
and 
the 
security 
bits. When 
erased, 
the 
EPROM and the table contain all 1s and the part has 
its full functionality. 


INTELIGENT 
PROGRAMMING 
ALGORITHM 


The 87C51 can be electrically 
programmed 
by using 


the Inteligent programming 
algorithm. This method is 
faster 
and 
more 
efficient 
than 
the 
conventional 
method. 
The 
Inteligent 
Programming 
algorithm 
re- 
duces the programming 
time from 50 msec per byte 
to a minimum 
of 4 msec per byte. 


PROGRAM 
MEMORY: 
Up to 4K bytes of the program 
memory can reside in the on-chip EPROM. In addition 
the device can address up to 64K of program memory 
external to the chip. 


DATA MEMORY: 
This microcontroller 
has a 128 x 8 
on-chip 
RAM. In addition 
it can address 
up to 64K 
bytes of external data memory. 


40 pin cerdip 
44 pin Ice 
D87C51 
R87C51 


Using the 
Intel MCS®·51 
Boolean Processing 
Capabilities 
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Thc' 
Intd 
microcontroller 
famil, 
now 
ha, 
thrce 
new 


mL'mher, 
the 
Intd" 
~().11. ~())I. 
and 
~7)1 
,ingle-chip 


microcomputer,. 
The,e 
de\ice,. 
,how 
n in Figure 
I, will 


allow 'Ihole 
new cla"e, 
of prod 
uct, 
to benefit 
from 
recent 


ad\anee, 
in Integrated 
Electronic,. 
Thank, 
to Intcl\ 
new 


H\10S" 
technolog\. 
thc'\ 
prO\itk 
larger 
program 
and 


data 
memon 
'pace" 
more 
nexiblc 
I a and 
peripheral 


ea pa bilit ie" greater 
,peed. 
a nd lower 
""tem 
co,t 
tha nan, 


prn 
iou,-generation 
,ingle-chip 
microcomputer. 
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Tablc 
I ,ummari,c, 
the quantitati\c 
difference, 
between 


the membcr, 
of tbe M CS-4X'· 
and ~051 familie" 
1 be ~751 


contain, 
4K 
bytc, 
of 
EPROM 
program 
memory 
fabri- 


cated 
on-cbip, 
while 
tbe 
H051 replace, 
the 
EPROM 
witb 


4K 
b,te, 
of 
lower-co\! 
ma,k-programmed 
ROM, 
Tbe 


H0.11 ha, 
no program 
memory 
on-chip: 
i"'tead. 
it acee"e, 


up 
to 
64K 
byte, 
of 
program 
memor, 
from 
external 


memor,. 
Othen\i,e, 
tbe 
tbree 
new 
family 
member, 
arc 


identicaL 
Througbout 
tbi, 
:'\Ole, 
tbe 
term 
"H051" 
will 


repre,ent 
all member, 
of tbe H051 Famil" 
unle" 
,peeifi- 


cally 
,tated 
otherwi,e. 


The 
CPl' 
in each 
microcomputer 
i, one 
of the 
indu'try\ 


fa\le\! 
and 
mo,t 
efficient 
for 
numerical 
ealeulatio", 
on 


b, te operand,. 
Rut controller, 
often 
deal 'Iith 
bit', 
not 


byte,: 
in the real world. 
,witch 
contact, 
can 
on I, be open 


or clo,ed. 
indicator, 
,hould 
be either 
lit or dark, 
motor, 


arc either 
turned 
on or off. and '0 forth. 
For 
,uch 
control 


,ituation, 
the 
mo\! 
,ignificant 
a,pect 
of the 
\1CS-5I'· 


architecture 
i, ih complete 
hardware 
,upport 
for one-bit. 


or Boo/eon \ariable, 
(named 
in honor 
of Mathematician 


George 
Boole) 
a~ a ~craratc 
data 
type. 


The 
H05 I incorporate, 
a n umber 
of ,pecia 
I fea t u re, which 


,upport 
the direct 
manipulation 
and 
te'ting 
of indi\ 
idual 


bih 
and a 110\\ the u,e of ,ingle-bit 
\ ariable, 
in performing 


logical 
operation,. 
Taken 
together. 
the,c 
feature, 
arc 


referred 
to a' tbc 
M CS-5I'· 
Boo/ean PmcP\.wr. Wbile 
the 


bit-proce"ing 
capabilitic, 
alone 
would 
be 
adcquate 
to 


,ohe 
many 
control 
application" 
tbeir 
true 
powcr 
comc' 


whcn 
thc\' 
arc 
U\ed 
in conjunction 
with 
the 
microcompu- 


ter\. 
hytc-pr{)cc~~ing 
and 
numerical 
carahilitic 
.... 


\1an~ concL'ph L'lllhodil'd 
h~ (hl' Hook-an Procc 
nr \\ill 


ccrtainl~ 
he 
11l'\\ e\en 
to experienced 
microcomputer 
\y\- 


tem 
dc,igner,. 
The 
purpo,c 
of thi, 
Application 
'\ote 
i, to 


explain 
the'e 
concept, 
and 
,how 
how 
the, 
arc 
u,ed. 
It i, 


a"umed 
the reader 
ha, 
read 
Application 
:\ote 
AP-69, 
An 


Introduction 
to the 
Intel"" 
MCS-5I'· 
Single-Chip 
Micro- 


computer 
Family, 
publication 
number 
1215/ H, or 
ha, 


been 
expo,ed 
to 
Intel\ 
,ingle-cbip 
microcomputer 
pro- 


duct 
line'. 


For 
detailed 
information 
on tbe,e 
parh 
refer 
to tbe 
Intel 
MCS-5I'· 
Family 
l'ser's 
Manual. 
publication 
number 


121517. 
The 
i"'truetion 
'et. 
a"emhl, 
language. 
and 
u,e of 
tbe 
HOSI 
a"embler 
(AS M 51) are 
furtber 
de,cribed 
in the 


MCS-5I'· 
Macro 
Assembler 
l'ser's 
Guide, 
publication 


number 
9H009J7. 


Tbe 
Roolean 
Proce,singcapabilities 
ofthe8051 
arc ba,cd 


on eoneeph 
'Ihicb 
ba\e 
been 
around 
for 'ome 
time. 
Dig- 


ital computer 
'y,tem, 
of widely 
\arying 
de,ign, 
all ba\e 


four 
functional 
clement, 
in common 
(Figure 
2): 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input/ 
Interrupt 
Reg. 


Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Sources 
Banks 
Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 


X011 
IK 
IK 
M 
10 ~SC(' 
11 
0 
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X021 
1K 
2K 
M 
10 ~SC(' 
1X 
1 
I 


X74X 
X04X 
XO:lS 
IK 
4K 
M 
2.5 ~SC(' 
27 
2 
1 
X049 
XO:l9 
1K 
4K 
12M 
1.:lo~Scc 
17 
1 
2 
X751 
X051 
XO:l1 
41' 
MK 
11M 
1.0 ~SC(' 
:':? 
) 
4 


• a ccntral 
proccssor 
(('PlI) 
'Iith thc control. 
timing. 
and 
logic 
circuits 
necdcd 
to 
executc 
qored 
instructions: 


• a memor~ 
to store 
the 
sequence 
of instructions 


making 
up a program 
or algorithm: 


• data memon 
to store variables uscd b~ thc progra m: 
and 


• somc 
mcans 
of communicating 
with 
the outside 
world. 


LAC 
~~"o 


Figure 2. Block Diagram for Abstract Digital 
Computer. 


Thc ('pu usually includcs onc or morc accumulators 
or 


spccial rcgistcrs 
for computing 
or storing 
valucs during 
program 
cxecution. 
The instruction 
set of such a proccs- 


sor generall~ includes. at a minimum. 
operation 
classes to 


perform 
arithmctic 
or logical functions 
on program 
vari- 


ablcs. 
mmc 
variablcs 
from onc placc to another. 
causc 
program cxecution 
tojump 
or conditionally 
branch based 
on register or variable states. and instructions 
to call and 


return from subroutines. 
The program 
and data memory 
functions 
sometimes sharc a single memory space. but this 
is not always the casco Whcn the add ress spaces are separ- 
atcd. program 
and data memory 
nced not ncn 
have the 
same basic word width. 


A digital computer's 
nexibility 
comes in part from com- 


bining simple fast operations 
to produce 
more complex 
(albeit slower) oncs. which in turn link togethcrcventually 
,olving 
the problem 
at hand. 
A four-bit 
('PU 
executing 
multiple precision subroutines 
can. for example. 
perform 


64-bit addition 
and subtraction. 
Thc subroutines 
could in 
turn be building 
blocks for noating-point 
multiplication 


and division 
routines. 
Eventually. 
the four-bit 
('PU 
can 


simulate a far more complex 
"virtual" 
machine. 


In fact. anr digital computer 
with the above 
four func- 


tional elements 
can (given time) complete anr algorithm 


(though 
the proverbial 
room full of chimpan7ees 
at word 


pnlCl' 
or... Illig ht 
fi r-..l 
fl'-Crea 
te Sha ~,..''''rea n.'\, 
cia 
ie . 


and this Application 
:\otc)' 
This fact offcrs little consola- 


tion to product 
dcsigllCf!'l 
\\ ho "Hnt 
programs 
to run as 


quickly as possiblc. By definition. 
a rcal-time control algo- 
rithm 
11111.11 
procccd 
quicklv 
cnough 
to meet the prcor- 


daincd specd constraints 
of othcr cquipmcnt. 


Onc of thc factors 
dctermining 
how long it 'Iill take a 


microcomputer 
to completc a givcn chorc is the numbcr of 


instructions 
it must executc. 
What makes a given compu- 


ter architecture 
particularlv' 
well-or 
poorl~-sllited 
for a 
class of problems 
is how wcll its instruction 
sct matchcs 


the tasks 
to be performed. 
The better 
the "primativc" 
operations 
correspond 
to the steps taken 
by the control 


algorithm. 
the lower the number 
of instructions 
needed. 


and the quicker the program 
will run. All else being equal. 


a ('PU supporting 
64-bit arithmctic 
directlv could clearly 


pcrform 
floating-point 
math 
faster 
than 
a machine 


bogged-dow n b~ multiple-precision 
subroutines. 
In the 
same way. direct support 
for bit manipulation 
naturally 


leads to more efficient programs 
ha ndling the binary input 
and output conditions 
inherent in digital control problems. 


Processing 
Elements 


The introduction 
,tated that the 8051 's bit-handling 
capa- 
bilities alonc 
would 
be sufficient 
to solv'C some control 
applications. 
Let's see how the four basic elements 
of a 


digital computer 
- a ('PU 
with associated 
registers. 
pro- 


gram memory. addressable 
data RAM. and 
J 0 capabil- 
ity - relate to Boolean variables. 


cpu. The8051 
('PU incorporatesspeciallogicdev'oted 
to 
executing 
several bit-wide operations. 
All told. there are 


17 such instructions. 
all listed in Table 2. Not shown are 94 
other (mostly byte-oriented) 
8051 in,tructions. 


Prof?,ralll Memorr. 
Bit-processing 
instructions 
are fetched 


from the same program 
memory as other arithmetic 
and 


logical operations. 
In addition 
to the instructions 
ofTahle 
2. several sophisticated 
program control features like mul- 


tiple addressing 
modes. 
subroutine 
nesting. 
and a two- 


level interrupt 
structure 
are useful in 'tructuring 
Boolean 


Processor-based 
progra ms. 


Boolean 
instructions 
are one. two. or three 
bytes long. 


depending 
on what function 
they perform. 
Those involv- 
ing only the carry nag have either a single-byte 
opcode or 
an opcode 
followed 
by a conditional-branch 
destination 
byte (Figure 
J.a). 
The more general 
instructions 
add a 
"direct 
address" 
byte after the opcode 
to specify the bit 
affected. yielding two or three byte encodings (Figure J.b). 
Though this format allows potentially 
256 directly addres- 
sable bit locations. 
not all of them are implemented 
in the 
8051 family. 


Table 2. MCS-51'" Boolean Processing Instruction 
Subset. 


Sri 
R 
C 
Sri 
R 
hit 
CI R 
C 
n R 
hil 
CPI 
C 
CPI 
hit 


.1C 
.IV· 
.lR 
."R 
.lRC 


Sct Carr~ llag 
Set dm.'l'l Hil 
Ckar 
Carn 
rIag 
Ckar 
direct 
hit 
Compk'mcnt 
Carr~ 
nag 
('ompk'll1l'nt 
direct 
hit 


Mo\\.' 
dirL'('t 
hit to 
Carr~ 
flag 


MOH' 
Carr~ 
flag 
10 direct 
hit 


J\ \: 
() 
dln ..'CI hit 
10 Carr) 
flag 
\ 'I) 
complement 
of din,'rt hit to 


Carr~ 
flag 


OR 
direct 
hit 
to 
Carr~ 
flag 
OR 
comptL'lncnt 
oj direct 
hit to 


C<lrr~ 
flag 


n:1 


Tel 
hll.rel 


hU.ft:1 
hil.rcl 


.Iump it Cilrr~ i...flag i...,ct 


.lump 
if '0 Ci.lrr~flag 


Jump 
if 
direci 
Hit 
"'l't 
.Iump 
II dil'l'l'l 
HlI 'ot 
\et 
.Iump 
if direct 
Hit i...'L" 
& Clear 
hil 


hit 
12X ,oft\\arc 
flag'. 
any 
I 0 pin, control 
or ,tatu, 


hit 


rei 
All conditionaIiump, 
include 
an X-hit off,et 
hy te. 


Range 
i, +127 
-12X h\te, 
relati\e 
to fi"t 
hyte 
of 


the 
follo\\ 
ing imtruetion. 


nata 
"CIIIOJT. 
The 
in,truction, 
in Fig.ure 
3.0 can 
operate 


direct" 
upon 
144 general 
purp,,,e 
hih 
forming 
the 
Boo- 
lean 
proee'''H 
.•RAM 
... ·1he,e 
hihean 
he u,ed 
,,,,of\\are 


flag •..or to \tore 
program 
\ariahk 
•..."I \\0 operand 
in •..truc- 


tion, 
u,e 
the 
CI'II\ 
earr\ 
nag 
("C') 
'" 
a 'peeia! 
one-hit 


n:gi\lcr: 
in a ,en •..l'. thl' carr~ 
i•..a "Roo!can 
aCl'umulator" 


for 
logical 
opt.:ration 
•..and 
data 
tran •..kr\. 


/111'11/ 011/1'11/. 
All .12 I 0 pin, 
can 
he addre"l'd 
'" 
indi- 
\ idual 
input.... 
outputs. 
or hoth. 
in any c0l11hil1ation. 
Any 


pin can 
he a control 
'I robe 
output. 
,tall" 
(Teq) 
input. 
or 


,erial 
I 0 link 
implemented 
\ ia ,oft\\are. 
An additional 


.1.1indi\ 
idually 
addre"ahle 
hih 
rcconfigure, 
control. 
and 


monitor 
the ,taw, 
of the CPl' 
and 
all on-Chip 
periphcral 
function 
•.. (timer 
COllntcr~ .•.. erial 
port 
modc~. 
intt.:rrupt 


logic, 
and 
'0 forth). 


I 
opcode 
I 


SETB C 
CLR 
C 
CPL 
C 


I 
opcode 
II 
displacement I 


JC 
rei 
JNC 
rei 


a.) Carry Control and Test Instructions. 


I 
opcode 
II 
bit address 
I 


SETB 
bit 
CLR 
bit 
CPL 
bit 
ANLC, 
bit 
ANL C,I 
bit 
ORLC, 
bit 
ORL C,/ 
bit 
MOVC, 
bit 
MOV 
bit,C 


I 
opcode 
II 
bit address II displacement I 


JB 
bit, 
rei 
JNB 
bit, 
rei 
JBC 
bit. 
rei 


b.) Bit Manipulation and Test Instructions. 


Figure 3. Bit Addressing Instruction Formats. 


Direct Bit Addressing 


The 
mo,t 
,ignifieant 
hit of the direct 
addrc" 
hyte 
,elcet, 


one 
of t\\O group, 
or hib. 
Value, 
het\\ccn 
0 and 
127 (OOH 
and 
7FH) 
define 
hih 
in a hlock 
of .12 hyte, 
of on-chip 


RAM. 
het\\een 
RAM 
addre"e, 
20H 
and 
2FH 
(Figure 


4.a). 
The\ 
arc 
numhered 
eon,eeuti,,'ly 
from 
the 
lo\\e,t- 


order 
h\ te\ 
lo\\e't-ordcr 
hit 
through 
the 
highc,t-order 
hy te\ 
highe't-ordcr 
hit. 


Bit addre"e, 
hetween 
12X and 
255(XOH 
and 
OFFH) 
eor- 


re'pond 
to 
hit, 
in a numher 
of ,peeia! 
regi'ler\. 
mo>tly 


u,ed 
for 
I 0 or 
periphcral 
control. 
The,e 
po,itiom 
are 


numhered 
\\ith 
a different 
,cherne 
Ihan 
RAM: 
the 
five 


high-order 
addre" 
hib 
match 
thme 
of thc 
regi,ter\ 
own 


addre", 
while 
the 
three 
!o\\-ordcr 
hih 
identify 
the 
hit 


pmition 
within 
that 
regi,ter 
(Figure 
4.h). 


Direct 
Bil Addresses 
Hardware 


RAM 
B)'te 
Register 
Byte 
(MS8) 
(lS8) 
Addr ••• 
(MS8) 
(lS8) 
Symbol 


7FH{: 
1: 
OFFH 


OFOH 
F7 I F6 I F5 I F4 I F3 I F2 I F1 I FO 
8 


2FH 
7F 
7E 
70 
7C 
78 
7A 
79 
78 


2EH 
77 
76 
75 
74 
73 
72 
71 
70 
OEOH 
E7 I E6 I E5 I E4 I 
E3 I E2 I E1 I EO 
ACC 


20H 
6F 
6E 
60 
6C 
68 
6A 
69 
68 


2CH 
67 
66 
65 
64 
63 
62 
61 
60 
OOOH 
07 I 06 I 05 I 04 I 03 I 02 I 01 I DO 
PSW 


28H 
SF 
5E 
50 
5C 
58 
SA 
59 
58 


2AH 
57 
56 
55 
54 
53 
52 
51 
50 
088H 
- I - I - I 8C I 88 I 8A I 89 I 88 
IP 


29H 
4F 
4E 
40 
4C 
48 
4A 
49 
48 


28H 
47 
46 
45 
44 
43 
42 
41 
40 
080H 
87 I 86 I 85 I 84 I 83 I 82 I 81 I 80 
P3 


27H 
3F 
3E 
3D 
3C 
38 
3A 
39 
38 


26H 
37 
36 
35 
34 
33 
32 
31 
30 
OA8H 
AF I - I - I AC I A8 I AA I A9 I A8 
IE 


25H 
2F 
2E 
20 
2C 
28 
2A 
29 
28 


24H 
27 
26 
25 
24 
23 
22 
21 
20 
OAOH 
A7 I A6 I AS I A4 I A3 I A2 I A1 I AO 
P2 


23H 
1F 
1E 
10 
1C 
18 
1A 
19 
18 


22H 
17 
16 
15 
14 
13 
12 
11 
10 
98H 
9F I 9E I 90 I 9C I 98 I 9A I 99 I 98 
SCON 


21H 
OF 
OE 
00 
OC 
08 
OA 
09 
08 


20H 
07 
06 
05 
04 
03 
02 
01 
00 
90H 
97 I 96 I 95 I 94 I 93 I 92 I 91 I 90 
P1 


1FH 


18H 
Bank 3 


17H 
8F I 8E I 80 18C I 88 I 8A I 89 188 
Bank 2 
88H 
TCON 
10H 
OFH 


08H 
Bank 1 


07H 
87 I 86 I 85 I 84 I 83 I 82 181 180 
Bank 0 
80H 
PO 
00 


a.) RAM Bit Addresses. 
b.) Special Function Register Bit Addresses. 


'\oticc 
the column 
laheled 
"S~ mhol" 
in hgure 
5. Rih \\ ith 


"pecial 
meaning'\ 
in the 
PS\\' and 
other 
rcgi'\tcr" 
h,l\e 
corn.' ..•ponding 
..•~ mholic 
Ilanlt: ..•. GCllcral-purpo 
..•e (a ..• 


oppo 
....ed 
to 
cctrry- ..•pecific) 
in"truction 
..• ma~ 
ctCcc",~ the 


carry 
like a ny other 
hit by using 
the mnemonic 
CY in place 
of C. 
PO. PI. 
1'2. and 
1'3 are 
the 
8051 \ 
four 
I 0 ports: 


..,econdtlry 
function.., 
a ....•.. 
igllcd 
to each 
(,I the eight 
pm ..•of 


J>3 arc 
~ho\\ n in l-igurc 
n. 


Figure 
7 shO\\S 
the 
last 
four 
bit 
addressable 
registers. 


I CO'\ 
( I ime·r Control) 
and 
SCO'\ 
(Serial 
port 
Control) 


cont rol a nd monitor 
t hL'C<Hrl· 
•.•rnnding 
reriphera 
I..•.\\ hlle 


IE (Interrupt 
Enable) 
and 
II' (Interrupt 
I'riorit~) 
enable 


and 
priorit 
ile the fi\ e ha rd \\a re interrupt 
,,)U rces. 
I.i ke the 


rcscned 
hard\\arc 
rcgi ..•tcr 
addrc\\c\. 
thc 
fi\c 
hit ....not 


implemented 
in IFand 
Il'slwuld 
not b"a'Tessed: 
Ihe~ can 


no! he u\cd 
a ..•....oft\\arc 
f1ag\. 


PSW.2 
Overflow flag. 
Set/cleared by hardware during 
arithmetic instructions to indicate 
overflow conditions. 


Symbol Position Name and significance 
CY 
PSW.7 
Carry flag. 
Set/cleared by hardware or soft- 
ware during certain arithmetic and 
logical instructions. 


PSW.6 
Auxiliary Carry flag. 
Set/cleared by hardware during 
addition 
or subtraction 
instruc- 


tions to indicate carry or borrow 
out of blt3. 


PSW.O 
Parity flag. 
Set/cleared by hardware each in- 
struction cycle to indicate an odd/- 
even number of "one" bits in the 
accumulator, i.e., even parity. 


PSW5 
Flag O. 
Set/cleared/tested by software as 
a user-defined status flag. 


Note - 
the contents of (RS1, RSO)enable 
the working 
register 
banks 
as 


follows: 


RS1 
RSO 
PSW4 
PSW3 
Register bank Select control bits 
1 & O.Set/cleared by softwpre to 
determine working register bank 
(see Note). 


(0,0) - Bank 0 
(0,1) - Bank 1 
(1,0)-Bank2 
(1,1)-Bank3 


(OOH-OlH) 
(08H-OFH) 
(10H-17H) 
(18H-1FH) 


Symbol Position Name and significance 
RD 
P3.7 
Read data control output. 
INT1 
P3.3 
Interrupt 1 input pin. 


Active 
low pulse generated 
by 
Low-level or falling-edge 
hardware 
when 
external 
data 
triggered 
memory is read. 


INTO 
P3.2 
Interrupt 0 input pin. 


WR 
P3.6 
Write data control output. 
Low-level or falling-edge 
Active low pulse generated 
by 
triggered. 
hardware 
when 
external 
data 
memory is written. 
TXD 
P3.1 
Transmit Data pin for serial port 
in UART mode. Clock output in 
T1 
P3.5 
Timer 'counter 1external input or 
shift register mode. 


test pin. 


RXD 
P3.0 
Receive Data pin for serial port in 
TO 
P3.4 
Timer/counter 0 external input or 
UART mode. Data I/O pin in shift 
test pin. 
register mode. 


Symbol Position Name and significance 
TF1 
TCON.7 Timer 1 overflow Flag. 


Set by hardware on 
timer/counter 
overflow. Cleared 
when interrupt processed. 


TR1 
TCON.6 Timer 1 Run control bit. 


Set/cleared by software to turn 
timer/counter 
on/off. 


TFO 
TCON.5 Timer 0 overflow Flag. 


Set by hardware on 
timer/counter 
overflow. Cleared 
when interrupt processed. 


TRO 
TCON.4 Timer 0 Run control bit. 


Set/cleared by software to turn 
timer/counter 
on/off. 


Symbol Position Name and significance 
SMO 
SCON.7 Serial port Mode control bit O. 


Set/cleared by software (see 
note). 


SM1 
SCON.6 Serial port Mode control bit 1. 


Set/cleared by software (see 
note). 


SM2 
SCON.5 Serial port Mode control bit 2. 


Set by software to disable recep- 
tion of frames for which bit 8 is 
zero. 


REN 
SCON.4 Receiver Enable control bit. 


Set/cleared by software to 
enable/disable serial data 
reception. 


TCON.3 Interrupt 1 Edge flag. 


Set by hardware when external 
interrupt edge detected. Cleared 
when interrupt processed. 


TCON.2 Interrupt 1 Type control bit. 


Set/cleared by software to 
specify falling edge/low level 
triggered external interrupts. 


TCON.1 Interrupt 0 Edge flag. 


Set by hardware when external 
interrupt edge detected. Cleared 
when interrupt processed. 


TCON.O Interrupt 0 Type control bit. 


Set/cleared by softrware to 
specify falling edge/low level 
triggered external interrupts. 


RB8 
SCON.2 Receive Bit 8. 


Set/cleared by hardware to indi- 
cate state of ninth data bit 
received. 


TI 
SCON.1 Transmit Interrupt flag. 


Set by hardware when byte 
transmitted. Cleared by software 
after servicing. 


RI 
SCON.O Receive Interrupt flag. 


Set by hardware when byte re- 
ceived. Cleared by software after 
servicing. 


Note· 
the state of (SMO,SM1) selects: 
(O,O)- Shift register I/O expansion. 
(0,1)- 8 bit UART, variable data rate. 
(1,0) - 9 bit UART, fixed data rate. 
(1,1)- 9 bit UART, variable data rate. 


TB8 
SCON.3 Transmit Bit 8. 


Set/cleared by hardware to deter- 
mine state of ninth data bit trans- 
mitted in 9-bit UART mode. 


b.) 
SCON· 
Serial Port Control/status register. 


Figure 7. Peripheral Configuration Registers. 


Timer 1 Priority control bit. 
Set/cleared by software to 
specify high/low priority 
interrupts for timer/counter 
1. 


d.) 
IP - Interrupt Priority Control Register. 


Figure 7. (continued) 


Addressable 
ReKister Set. There are 20 special function 


registersin the 8051.but the advantagesof bit addressing 
only relate to the II described below. Five potentially 
bit-addressableregister addresses(OCOH.OC8H. OD8H. 
OE8H. & OF8H) are being reservedfor possible future 
expansion in microcomputers based on the MCS-51'· 
architecture. Reading or writing non-existent registersin 
the 8051seriesis pointless.and may causeunpredictable 
results. Byte-wide logical operations can be used to 
manipulate bits in all non-bit 
addressableregistersand 
RAM. 


Symbol Position Name and significance 
EA 
IE.7 
Enable All control bit. 
Cleared by software to disable all 
interrupts. independent of the 
state of lEA - IEO. 


IE6 
(reserved) 
IE.5 


Enable Serial port control bit. 
Set/cleared by software to 
enable/ disable interrupts from 
TI or RI flags. 


ET1 
IE.3 
Enable Timer 1 control bit. 
Set/cleared by software to 
enable/ disable interrupts from 
timer/counter 
1 
c.) 
IE - Interrupt Enable Register. 


Symbol Position Name and significance 
IP.? 
(reserved) 
IP.6 
(reserved) 
IP.5 
(reserved) 


Serial port Priority control bit. 
Set/cleared by software to 
specify high/low priority 
interrupts for Serial port. 


Enable External interrupt 1 
control bit. Set/cleared by 
software to enable/disable 
interrupts from INT1. 


Enable Timer 0 control bit. 
Set/cleared by software to 
enable/ disable interrupts from 
timer/counter 0 


Enable External interrupt 0 
control bit. Set/cleared by 
software to enable/disable 
interrupts from INTO. 


External interrupt 1 Priority 
control bit. Set/cleared by 
software to specify high/low 
priority interrupts for INT1. 


Timer 0 Priority control bit. 
Set/cleared by software to 
specify high/lov! priority 
interrupts for timer/counter 
O. 


External interrupt 0 Priority 
control bit. Set/cleared by 
software to specify high/low 
priority interrupts lor INTO. 


The accumulator and B registers(A and B) are normally 
involved in byte-widearithmetic. but their individual bits 
canalso beusedas 16goneralsoftware flags. Added with 
the 128 flags in RAM. this gives 144 general purpose 
variables for bit-intensive programs. The program status 
word (PSW) in Figure 5 is a collection of flags and 
machine status bits including the carry flag itself. Byte 
operations acting on the PSW can therefore affect the 
carry. 


Having looked at the bit variables available to the Boolean 
Processor. we will no'.' look at the fourclasses of instructions 
that manipulate 
these bits. It may be helpful to refer back to 
Table 2 while reading this section. 


State Control. Addressable bits or flags may be set. cleared. 
or logically complemented 
in one instruction cycle with the 


two-byte 
instructions 
SETB. 
CLR. 
and 
CPt.. 
(The "B" 
affixed to SETB distinguishes 
it from the assembler "SET" 


directive used for symbol definition.) 
SETB and CLR are 
analogous 
to loading a bit with a constant: 
I or O. Single 


byte versions 
perform 
the same three operations 
on the 


carry_ 


The MCS-51'· 
assembly language specifies a bit address in 


any of three ways: 


• bya number orexpression 
corresponding 
to the direct 
bit address (0-255): 


• 
by the name or address of the register containing 
the 


bit. the dot operator symbol (a period: "."). and the 
bit's position in the register (7.{»): 


• 
in the case of control and stat us registers. by the prede- 
fined assembler 
symbols 
listed in the first columns 
of Figures 5-7. 


Bits may also be given user-<lefined names with the assembler 
"BIT" directive and any of the above techniques. For exam- 
ple. bit 5 of the PSW may be cleared by any of the four 
instructions. 


CLR 
CLR 
CLR 


Absolute Addre"ing 
Use of Dot Operator 
Pre-Defined 
A"embler 


Symbol 
User-Defined Symbol 


OD5H 
PSW.5 
FO 


Dora Transfers. The two-byte'MOV 
instructions can trans- 
port any addressable bit to the carry in one cycle. orcopy the 
carry to the bit in two cycles. A bit can be moved between 
two arbitrary 
locations via the carry by combining 
the two 
instructions. (If necessary. push and pop the PSW to preserve 
the previous contents of the carry.) These instructions 
can 


replace the multi-instruction 
sequence of Figure 8. a program 


structure appearing in controller applications whenever flags 
or outputs are conditionally 
switched on or off. 


Lo~ical Operations. 
Four instructions 
perform the logical- 


AND 
and 
logical-OR 
operations 
between 
the carry and 


another bit. and leave the results in the carry. The instruction 
mnemonics are ANL and OR L; the absence or presence of a 


slash mark (" ") before the source operand indicates whether 
to use the positive-logic value or the logical complement 
of 


the 
addressed 
bit. (The 
source 
operand 
itself is never 
affected.) 


Bit-test Instructions. The conditional jump instructions "JC 
rei" (Jump on Carry) and "JNC rei" (Jump on Not Carry) 
test the state of the carry flag. branching ifit is a one or lero. 
respectively. (The letters "rei" denote relative code address- 
ing.) The three-byte 
instructions 
"JB bit. rei" and "JNB 


biuel"(Jump 
on Bit and Jump on Not Bit) test the state of 


am' addressable 
bit in a similar manner. A fifth instruction 


combines 
the Jump 
on Bit and 
Clear operations. 
"JBC 


biUel"conditionally 
branches to the indicated address. then 
clears the bit in the same two cycle instruction. 
This opera- 


tion is the same as the MCS-48'· 
"JTF" instructions. 


All 8051 conditional 
jump 
instructions 
use program 
counter-relative 
addressing. 
and all execute in two cycles, 


The last instruction 
byte encodes 
a signed displacement 


ranging from -128 to + 127. During execution. the CPU adds 
this value to the incremented 
program 
counter to produce 


the jump destination. 
Put another 
way. a conditional jump 


to the immediately following instruction would encode OOH 
in the offset byte. 


A section of program or subroutine 
written using only rela- 


tive jumps to nearby addresses will have the same machine 
code independent 
of the code's location. An assembled rou- 
tine may be repositioned anywhere in memory. even crossing 
memory 
page boundaries. 
without 
having to modify the 


program 
or recompute 
destination 
addresses. 
To facilitate 


this flexibility. 
there 
is an unconditional 
"Short 
Jump" 


(SJ M P) which uses relative addressing as well. Since a pro- 


grammer 
would have quite a chore trying to compute rela- 


tive offset values from one instruction 
to another. 
ASM51 


automatically 
computes the displacement 
needed given only 
the destination 
address or label. An error message will alert 


the programmer 
if the destination 
is ·out of range." 


(The so-called "Bit Test" instructions implemented on many 
other 
microprocessors 
simply 
perform 
the logical-AND 


operation 
between a byte variable and a constant mask. and 


set or clear a 7ero flag depending 
on the result. This is 


essentially equivalent to the 8051 "MOY Cbit" 
instruction. 
A second instruction is then needed to conditionally 
branch 
based on the state of the 7ero flag. This does no/ constitute 
abstract bit-addressing 
in the MCS-5 I'M sense. A flag exists 


only as a field within a register; to reference a bit the pro- 
grammer 
must know and specify both the encompassing 
register 
and 
the 
bit's 
position 
therein. 
This 
constraint 


severely limits the flexibility of symbolic bit addressing and 
reduces the machine's code-efficiency and speed) 


Interac/ion with Other I",truc/ions. 
The carry flag is also 
affected by the instructions listed in Table 3. It can be rotated 
through 
the accumulator. 
and altered 
as a side effect of 


arithmctic 
instructions. 
Refer to the User's 
Manual 
for 
details on how these instructions 
operate. 


By combining 
general purpose bit operations" 
ith certain 


addressable 
bits. one can "custom 
build" several hundred 


useful instructions. 
All eight hits of the PSW can be tested 


directly 
\\ ith conditional 
jump 
instructions 
to 
monitor 


(among 
other 
things) 
parity 
and 
merflo\\ 
statl". 
Pro- 


grammers can ta"e advantage 
of 12Xsoftware flags to keep 


track of operating 
modes. resource usage. and so forth. 


The Boolean instructions 
arc also the most efficient \\ay to 
control 
or reconfigure 
peripheral 
and I 0 registers. All 32 


I 0 lines become "test pins." for example. tested by condi- 
tional jump 
instructions. 
Any output 
pin can bc togglcd 


(complemented) 
in a single instruction cycle. Sctting orclear- 
ing the Timer 
Run flags (TRO and TR I) turn the timer- 


counters on or off; polling the same flags else\\ here lets the 
program 
determine 
if a timer is running. 
The respective 


merflo\\ 
flags (TFO and TFI) 
can be tested to determine 


when thedesired 
period orcount 
haselapsed. 
then cleared in 
preparation 
for the next repetition. 
(For the record. these 


bits arc all part of the TCO:'\ register. Figure 7.a. Th<:n"s to 
symbolic 
bit addressing. 
the programmer 
only needs to 


remember 
the mnemonic associated "ith each function. 
In 


other "ords. don't bother memori/ing control word layouts.) 


In the M(,S-4X~) family. instructions corresponding 
to some 


of the abov'e functions require specific opcodes. Ten different 
opeodes 
serve to clear complement 
the software flags FO 


and 
FI. enable 
disable each interrupt. 
and start stop the 


timer. In the X051 instruction set. just three opcodes (SETB. 


Table 3. Other Instructions Affecting the Carry 


Flag. 


St'BR 
A.dil'L'ct 


St'RB 
A.\a Ri 


SI'BB 
A.:tdata 


'.11'1 
AR 
IJI ,. 
AR 


IJA 
A 


RI.C 
!\ 


Add 
rcgi\tl"f 
to 


Accumulator 
Add 
direct 
b\le 
to 
!\c<..'umulator 
Add 
indirect 
RA M to 


Ac<..'umulalor 


Add 
immediate 
data 
to 


Accumulator 
Add 
fcgi ...tcr to 


Accumulator 
\\ ith Carr~ 


nag 


Add 
din."'t 
h~ tl' to 


Accumulator 
\\ ilh Carr~ 


nilg 
Add 
indirect 
RA!'v1 to 


An:ur11ulator 
\\ilh 
Carr~ 
flag 
Add 
immediate 
data 
to 


"ee \\ it h Ca rn nag 


Suhtraci 
n..'gi'tl'r from 


An."umulator 
\\ith 


horr(l\\ 


Suhtracl 
din.,(.·t h~ tc 


from 
Acc 
\\ ith 
001'1'0\\ 


Suhtract 
indin ..'cl 
R'\ \1 
Irom 
Ace 
\\ it h 001'1'0\\ 


Suhtrat't 
immt.'dl.tte 
d.lw 


from 
Acc 
\\ ith hnrro\\ 
I 
Multirl, 
A & B 
4 


I)i\ ide A b, 
B 
4 


Decimal 
Adiu,t 


At'l'umulatnr 


Rotate 
Accumulator 


I dt 
through 
the Carr~ 


nag 
Rotatt.' 
!\lTUnlulator 


Right 
through 
C'lrr~ 
Ilag 


CJ"T 
A.direct..rl'l 
Compart.' 
dir\,.'ci h~ !t.' to 


.1\(.'1.' & .lump 
if 
\,"Ol 
equal 
CJ\,"F 
A.ttdata.rcl 
Compare 
immediat\'" 
to 


AtT & Jump 
it \,"ot 
equal 


C.I"F 
Rn ..t:d.lta.rl'l 
Compar\,.' 
immed 
to 


regi-.t\"'r & .lump 
il \,"ot 
equal 
CJ\T 
@Ri.t:data.rl'lColllpar\'" 
iml1lL'd 10 
indirect 
& .lump 
il \,"ot 


fqual 


CLR. CPL) with a direct bit address appended 
perform the 
same functions. Two test instructions (JB and JNB) can be 
combined 
with bit addresses to test the software flags. the 


8048 I 0 pins TO. TI, and INT, and the eight accumulator 
bits. replacing 15 more different instructions. 


using awkward 
sequences 
of other 
basic operations. 
As 


mentioned 
earlier, any CPU can solve any problem 
given 


enough time. 
Quantitatively, 
the differences 
between a solution allowed 


by the 8051 and those required 
b} previous 
architectures 
are numerous. 
What the 8051 Family buys you is a faster, 
cleaner. 
lower-cost 
solution 
to 
microcontrolier 
applications. 


The opcode space freed by condensing 
many specific 8048 


Table 4.a. Contrasting 8048 and 8051 Bit Control and Testing Instructions. 


Table 4.a shows how 8051 programs 
implement 
software 


flag and machine control 
functions associated 
with special 


8048 
8x51 
Instruction 
Bytes 
Cycles 
uSec 
Instruction 
Bytes 
Cycles & uSec 


Flag Control 


ClR 
C 
I 
I 
2.5 
ClR 
C 
I 
I 


CPl 
FO 
I 
I 
2.5 
CPl 
FO 
2 
I 


Flag Testing 
JNC 
offset 
2 
2 
5.0 
JNC 
rei 
2 
2 
JFO 
offset 
2 
2 
5.0 
JB 
FO,rel 
3 
2 


JB7 
offset 
2 
2 
5.0 
JB 
ACe7.rel 
3 
2 


Peripheral Polling 


JTO 
offset 
2 
2 
5.0 
JB 
TO.rel 
3 
2 


JNI 
offset 
2 
2 
5.0 
JNB 
INTO.rel 
3 
2 


JTF 
offset 
2 
2 
5.0 
JBC 
TFO.rel 
3 
2 


Machine and Peripheral Control 


STRT 
T 
I 
I 
2.5 
SETB 
TRO 
2 
I 


EN 
I 
I 
I 
2.5 
SETB 
EXO 
2 
I 
DIS 
TCNTI 
I 
I 
2.5 
ClR 
ETO 
2 
I 


8048 
8051 
Instructions 
Bytes 
Cycles 
uSec 
Instructions 
Bytes 
Cycles & uSec 


Flag Control 
Set carry: 


ClR 
C 
CPl 
C 
= 
2 
2 
5.0 
SETB 
C 
I 
I 


Set Software Flag: 
ClR 
FO 


CPl 
FO 
= 
2 
2 
5.0 
SETB 
FO 
2 
I 


opcodes 
in the 8048. In every case the MCS-51'· 
solution 
requires the same number of machine cycles. and executes 
2.5 times faster. 


Qualitatively. 
nothing. 
All the same capabilities 
could be 


(and 
often 
have been) implemented 
Qn other 
machines 


instructions 
into a few general operations 
has been used to 


add new functionality 
to the MCS-51'· 
architecture 
- both 
for byte and bit operations. 
144 software flags replace the 
8048's two. These flags (and the carry) may be directly set. 
not just cleared and complemented, 
and all can be tested 


for either 
state. 
not just one. Operating 
mode 
bits pre- 
viously inaccessible 
may be read, tested, or saved. Situa- 


tions where the 8051 instruction 
set provides new capabili- 


ties 
are 
contrasted 
with 
8048 
instruction 
sequences 


in Table 4.b. Herc the 8051 speed advantage 
ranges from 


5x to 15x! 


8048 
! 
8x51 
Instructions 
Bytes 
Cycles 
uSee 
Instructions 
Bytes 
Cycles & uSee 


Turn 
Off Output 
Pin: 


ANL 
PI.#OFBH 
= 
2 
2 
5.0 
CLR 
PI.2 
2 
I 


Complement 
Output 
Pin: 


IN 
A.PI 


XRL 
A.#04H 


OUTL 
PI.A 
= 
4 
6 
15.0 
CPL 
PI.2 
2 
I 


Clear 
Flag in RAM: 
MOY 
RO.#FLGADR 


MOY 
A.@RO 


ANL 
A.#FLGMASK 


MOY 
@RO.A 
= 
6 
6 
15.0 
Cl.R 
USERJLG 
2 
I 


Flag Testing 
Jump 
if Software 
Flag is 0: 


JFO 
$+4 


JMP 
offset 
= 
4 
4 
10.0 
JNB 
FO.rel 
J 
2 


Jump 
if Accumulator 
bit is 0: 


CPL 
A 
JB7 
offset 


CPl. 
A 
= 
4 
4 
10.0 
JNB 
ACC7.rel 
J 
2 


Peripheral 
Polling 
Test if Input 
Pin is Grounded: 
IN 
A.PI 


CPL 
A 
IBJ 
offset 
= 
4 
5 
12.5 
JNB 
PI.J.rel 
J 
2 


Test if Interrupt 
Pin is High: 
JNI 
$+4 


JMP 
offset 
= 
4 
4 
10.0 
JB 
INTO.rel 
J 
2 


Combining 
Boolean and byte-wide 
instructions 
can pro- 


duce great synergy. 
An MCS-51'· 
based application 
will 


prove to be: 


• simpler to write since the architecture 
correlates 
more 
closely with the problems 
being solved; 


• easier to debug because more individual 
instructions 
have no unexpected 
or undesirable 
side-effects; 


• 
more byte efficient due to direct 
bit addressing 
and 


program 
counter 
relative branching; 


• faster running because fewer bytes of instruction 
need 
to 
be fetched 
and' 
fewer 
conditional 
jumps 
are 


processed; 


• lower 
cost 
because 
of the 
high 
level of 
system- 


intergration 
within one component. 


These rather unabashed 
claims of excellence 
shall not go 


unsubstantiated. 
The rest of this chapter 
examines 
less 


trivial tasks simplified 
by the Boolean processor. 
The first 


three compare the 8051 with other microprocessors: 
the last 


two go into 8051-based 
system designs 
in much greater 


depth. 


Design Example 
#1 • Bit Permutation 


First off, we'll use the bit-transfer 
instructions 
to permute 


a lengthy pattern 
of bits. 


A steadily 
increasing 
number 
of data 
communication 


products 
use encoding 
methods 
to protect the security of 


sensitive information. 
By law. interstate 
financialtransac- 


tions 
involving 
the 
Federal 
banking 
system 
must 
be 


transmitted 
using 
the 
Federal 
Information 
Processing 


Data Encryption 
Standard 
(DES). 


Basically. 
the DES combines 
eight bytes of "plaintext" 


data (in binary. ASCII. or any other format) 
with a 56-bit 
"key", 
producing 
a 64-bit encrypted 
value for transmis- 


sion. Atthe 
receiving end the same algorithm 
is applied to 


the incoming 
data 
using the same key, reproducing 
the 


original eight byte message. The algorithm 
used for these 


permutations 
is fixed; different 
user-defined 
keys ensure 


data privacy. 


It is not the purpose of this note to describe the DES in any 
detail. 
Suffice 
it to say that encryption' 
decryption 
is a 
long. iterative 
process 
consisting 
of rotations. 
exclusive 
-OR operations. 
function table look-ups. 
and an extensive 
(and quite bizarre) sequence of bit permutation. 
packing. 


and unpacking 
steps. (For further details refer to the June 
21. 1979 issue of Electronics magazine.) The bit manipula- 
tion steps are included. 
it is rumored. 
to impede a general 


purpose digital supercomputer 
trying to "break" 
the code. 


Any algorithm 
implementing 
the DES with previous gen- 


eration 
microprocessors 
would spend virtuaJly aJl of its 
time diddling 
bits. 


The bit manipulation 
performed 
is typified 
by the Key 


Schedule Calculation 
represented 
in Figure 9. This step is 


repeated 
16 times for each key used in the course 
of a 
Ira nsmission. 
In essence. a seven-byte. 
56-bit "Shifted 
Key 


Buffer" is transformed 
into an eight-byte. 
"Permutation 


Buffer" without 
altering 
the shifted 
Key. The arrows 
in 
Figure 9 indicate a few of the translation 
steps. Only six 
bits of each byte of the Permutation 
Buffer are used: the 


two high-order 
bits of each byte are cleared. 
This means 
only 48 of the 56 Shifted Key Buffer bits are used in anyone 
iteration. 


REPEAT 


FOR 
EACH 
lilT OF 


SHIFTED 
KEY 


8UFFER 
l•• nME~ 


Figure 10.a. Flowchart for Key permutation attemp- 
ted with a byte processor. 


Different 
microprocessor 
architectures 
would best imple- 
ment this type of permutation 
in different 
ways. 
Most 
approaches 
would share the steps of Figure 
lO.a: 


• 
Initialize 
the 
Permutation 
Buffer 
to default 
state 


(ones or zeroes): 


• 
Isolate the state of a bit of a byte from the Key Buffer. 
Depending 
on the CPU. this might be accomplished 
by rotating 
a word of the Key Buffer through 
a carry 


flag or testing a bit in memory 
or an accumulator 
against a mask byte: 


• 
Perform 
a conditional 
jump 
based 
on the carry 
or 
zero flag if the Permutation 
Buffer default 
state 
is 


correct: 


• Otherwise 
reverse the corresponding 
bit in the permu- 
tation buffer with logical operations 
and mask bytes. 


Each step above may require several instructions. 
The last 
three steps must be repeated for aJl 48 bits. Most micropro- 
cessors would spend 300 to 3.000 microseconds 
on each of 
the 16 iterations. 


Notice. though. that this flowchart 
looks a lot like Figure 8. 


The Boolean Processor can permute bits by simply moving 


them from the source 
to the carry to the destination-a 
total 
of two 
instructions 
taking 
four 
bytes 
and 
three 
microseconds 
per bit. Assume the Shifted Key Buffer and 


Permutation 
Buffer both reside in bit-addressable 
RAM. 
with the bits of the former assigned symbolic names SK B_1. 
SKB--2 .... 
SKR ...56. and that the bytes of the latter are 
named PB_I .... 
PB_8. Th.en working from Figure 9. the 


software 
for the permutation 
algorithm 
would be that of 
Example 
La. The total routine length would be 192 bytes. 


requiring 
144 microseconds. 


The algorithm 
of Figure 10.b isjust slightly more efficient 


in this time-eritical 
application 
and illustrates 
the synergy 


of an integrated 
byte and bit processor. 
The bits needed for 


each byte of the Permutation 
Buffer are assimilated 
by 
loading each bit into the carry (I usee.) and shifting it into 
the accumulator 
(I usee.). Each byte is store(l in RAM 
when completed. 
Forty-eight 
bits thus need a total of 112 
instructions. 
some of which are listed in Example 
Lb. 


REPEAT 
FOR EACH 


BYTE 
OF 


PERMUTATION 


BUFFER 
(STIMES) 


Figure 10.b. DES Key Permutation 
with Boolean Processor. 


Worst-case 
execution 
time would be 112 microseconds. 
since each instruction 
takes a single cycle. Routine 
length 
would also decrease. to 168 bytes. (Actually. 
in the context 
of the complete encryption 
algorithm. 
each permuted 
byte 
would be processed 
as soon as it is assimilated-saving 
memory and cutting execution 
time by another 
8 usee.) 


Example 
I. DES Key Permutation 
Software. 


a.) "Brute 
Force" technique. 


MOY 
C.SKB_I 


MOY 
PB_I.I.C 
MOY 
C.SKB--2 


MOY 
PBAO.C 
MOY 
C.SKB_3 


MOY 
PB--2.5.C 
MOY 
C.SKB_4 
MOY 
PB_I.O.C 


MOY 
C.SKB_55 
MOY 
PB.50.C 
MOY 
C.SK B_56 
MOY 
PBJ2.C 


CLR 
MOY 
RLC 
MOY 
RI.C 
MOY 
RLC 
MOY 
RLC 
MOV 
RI.C 
MOY 
RLC 
MOV 


A 
C.SKB_14 


A 
C.SKB_17 
A 
C.SKB_II 


A 
C.SKB--24 


A 
C.SKB_I 


A 
C.SKB-5 


A 
PB_I.A 


MOY 
RLC 
MOY 
RI.C 
MOV 


C.SK B--29 


A 
C.SKB_32 


A 
PB_8.A 


To date. most banking 
terminab 
and other systems using 


the DES have needed special boards 
or peripheral 
con- 
troller 
chips just for the encry ption 
decryption 
process. 


and still more hard"are 
to form a serial bit stream 
for 
transmission 
(Figure 
1La). An 8051 solution 
could pack 


most of the entire system onto the one chip (Figure 
II.b). 


The whole DES algorithm 
would require 
less than one- 


fourth of the on-chip program memory. with the remaining 
bytes free for operating 
the banking terminal (or whatever) 


itsclf. 


Moreover. 
since transmission 
and 
reception 
of data 
is 
performed 
through 
the on-board 
UA RT. the unencry pted 
data 
(plaintext) 
never even exists 
outside 
the micro- 


computer' 
'\aturally. 
this would afford a high degree of 


security from data interception. 


I" 
"'00(" 


! 


'0 
IIIOOEM 


Design Example 
#2 - Software 
Serial I/O 


An exercise 
often imposed 
on beginning 
microcomputer 


students 
is to write a program 
simulating 
a UART. (Sec. 
for example. 
Application 
'iotes 
AP24. AP29. and AP49.) 


Though doing this with the 8051 Family may appear to be 
a moot point (given that the hardware 
for a full UART is 
on-chip). 
it IS still instructi\e 
to see hO\, it "ould 
be done. 


and maintains 
a product 
line tradition. 


As it turns out. the 8051 microcomputers 
can receive or 


transmit 
serial data via software 
very efficiently 
using the 
Boolean instruction 
set. Since any I 0 pin may bea serial 
input or output. 
se\eral serial links could be maintained 
at 


onee. 


Figures 
12.a and 
12.b show algorithms 
for receiving 
or 
tran,mittlng 
a byte of data. (Another 
section of program 


would imoke 
this algorithm 
eight times. ,ynchroni7ing 
it 


with a start 
bit. clock 
signal. 
software 
delay. 
or timer 


interrupt.) 
Data is received by testing an input pin. setting 


the carry to the same state. shifting the carry into a data buffer. 
and saving the partial 
frame 
in internal 
RAM. 
Data 
is 


tran,mitted 
by shifting an output 
buffer through the carry. 
and generating 
each bit on an output 
pin. 


A side-by-side comparison 
of the software for this common 


"bit-ba 
ngi ng" a pplica t ion wi t h three different 
m icro- 
processor 
architectures 
is shown in Table 5.a and 5.b. The 
8051 solution 
is more efficient than the others 
on e\er) 


count' 


Table 5. Serial 1/0 Programs 
for Various Microprocessors. 


a.) Input Routine. 


8085 


I~ 
A~I 
.lZ 


CMC 


10 
IXI 


MOY 
RR 


MOY 


SERPORT 


MASK 
10 


HL.SERBUF 
A.M 


RESULTS: 


X I~STRUCTIO~S 


14 BYTES 


56 STATES 
19 uSEe. 


b.) Output 
Routine. 


8085 


IXI 


MOY 
RR 


MOY 
IN 
JC 


10: 
A1'\ I 
.IMP 


HI: 
ORI 


CNT: 
OUT 


HLSERBUF 
A.M 


M.A 


SERPORT 
HI 


NOT 
MASK 


CNT 
MASK 
SERPORT 


RESULTS: 


10 INSTRUCTIONS 


20 BYTES 


72 STATES 
24 uSEe. 


CIR 
.I \iTO 


CPI 


MOY 


MOY 


RRC 


MOY 


8051 


MOY 
e.SERPII\ 


C 
10 
C 
RO.ttSERRlIF 


A.@RO 
A 


@RO.A 


MOY 
A.SERBUF 


RRC 
A 


MOY 
SERRlIF.A 


8048 


MOY 


MOY 


RRC 


MOY 


JC 
A"I 
.IMP 


ORI 


7 I~STRlICTIO~S 


9 RYTES 


9 CYCLES 
22.5 
uS Ee. 


Design Example 
#3 - Combinatorial 
Logic 
Equations 


Next 
we'll look at some 
simple 
uses for bit-test 
instructions 


and 
logical 
operations. 
(This 
example 
is also 
presented 
in 


Application 
Note 
AP-69.) 


HI: 
C\T: 


41\iSTRl'CTIO,,\S 


7 RYTES 


4 CYCLES 
4 uSEe. 


RO.ttSERRliF 


A.@RO 
A 


@RO.A 


MOY 
A.SERHIIF 


RRC 
A 


MOY 
SERBlIF.A 


HI 
SERPRT.tt,,"OT 
MASK 


CNT 


SERPRT.ttMASK 


X INSTRUCTIONS 


13 BYTES 


II CYCLES 
27.5 
uSEe. 


Yirtually 
all 
hardware 
designers 
have 
solved 
complex 


functions 
using 
combinatorial 
logic. 
While 
the 
hardware 
involved 
may vary from 
relay 
logic, 
vacuum 
tubes, 
or TTI. 


or to more 
esoteric 
technologies 
like fluidics, 
in each 
case 


the 
goal 
is the same: 
to solve 
a problem 
represented 
by a 


logical 
function 
of several 
Boolean 
variables. 


41NSTRUCTIOl\S 


7 BYTES 


5 CYCLES 
5 uSEe. 


Figure 
IJ 
sho"s 
TTL 
and 
relay 
logic 
diagrams 
for 
a 


function 
of 
the 
six 
variables 
U through 
Z. 
Each 
is a 


solution 
of the equati~n. 


Q = (U . (Y + Wl) + (X' 
Yl + Z 


Equations 
of this 
sort 
might 
be reduced 
using 
Karnaugh 


Maps 
or algebraic 
techniques. 
but 
that 
is not 
the purpose 


of this example. 
As the logie complexity 
increases. 
so does 


the 
difficulty 
of 
the 
reduction 
process. 
Even 
a 
minor 


change 
to 
the 
function 
equations 
as 
the 
design 
evolves 


would 
require 
tedious 
re-reduction 
from 
scratch. 


For thc sake of comparison 
wc will implemcnt 
this function 


thrcc 
ways. 
rcstricting 
thc softwarc 
to thrce 
propcr 
subsets 


ofthc 
MCS-51'· 
instruction 
sct. 
We will alsoaS\umc 
that 


U and 
Yare 
input 
pins from 
different 
input 
port-. 
Wand 
X 


arc status 
bits for two 
pcriphcral 
controllers. 
and 
Y and 
Z 


arc 
software 
flags 
sct up carlier 
in thc 
program. 
Thc 
end 


result 
must 
be 'I rittcn 
to an output 
pin on some 
third 
port. 


Thc first two implementations 
follow 
thc flow-chart 
shown 


in Figurc 
14. Program 
flow would 
embark 
on a routcdown 


a tcst-a 
nd-bra 
nch trce and 
Ica \CS eit her thc "T ruc" or "l'\ot 
Truc"c.xit 
ASAP 
as soon 
as the proper 
result 
has bcen 


dctcrmincd. 
Thesc 
cxits 
then 
rew rite the output 
port 
with 


the 
result 
bit rcspccti\c!y 
one 
or fero. 


Othcr 
digital 
computers 
must 
sohe 
cquations 
of this 
type 


with 
standard 
word-wide 
logical 
instructions 
and 
condi- 


tionaljumps. 
So for the first implemcntation. 
wc won't 
use 


any 
gencralifed 
bit-addrcssing 
instructions. 
As we shall 


soon 
see. being 
constrained 
to such 
an instruction 
subset 


produccs 
somcwhat 
sloppy 
software 
solutions. 
MCS-51'· 


mncmonics 
arc uscd 
in Examplc 
2.a: othcr 
machines 
might 


furt hcr cloud 
the sit uat ion by rcquiri 
ng opcra 
tion-speci 
fic 


mncmonics 
likc 
11'\ PUT. 
OUTPUT. 
LOAD. 
STORE.etc 
.. 


instcad 
of the 
MOY 
mncmonic 
uscd 
for all variable 
trans- 


fers in thc 8051 
instruction 
set. 


Thc 
code 
which 
rcsults 
is cumhcrsome 
and 
crror 
pronc. 
It 


would 
bc difficult 
to prO\c 
w hcther 
the software 
workcd 
for 


all input 
combinations 
in programs 
of this 
sort. 
Furthcr- 


morc. 
cxecution 
time 
will \ary 
widely 
with 
input 
data. 


Thanks 
to the 
dircct 
bit-test 
opcrations. 
a single 
instruc- 


tion 
can 
replace 
each 
mo\e 
mask 
conditional 
jump 


scquence 
in 
Example 
2.a. 
but 
the 
algorithm 
would 
be 


equally 
com 
oluted 
(sce 
Example 
2. B). To lessen 
the con- 


fusion 
"a bit" 
each 
input 
variable 
is assigned 
a symbolic 
name. 


A more 
elegant 
and efficient 
implementation 
(Example 
2.c) 


strings 
together 
the 
Boolean 
Al'\L 
and 
ORL 
functions 
to 


generate 
the 
output 
function 
with 
straight-line 
code. 


When finished. the carry nag contains 
the result. which is 
simply copied out to the destination 
pin. No now chart is 
nee~d 
code can be ,Hillen 
directly from the logic dia- 
grams 
in Figure 
14. The result 
is simplicity 
itself: fast. 


nexible. 
reliable. easy to design. and easy to debug. 


An 8051 program 
can simulate 
an !'I-input AND or OR 


gate with at most 
]'1;+ I lines of source program 
one for 


each input and one line to store the results. To simulate 
NAND and ]'I;OR gates. complement 
the carry after com- 


puting 
the function. 
When some inputs to the gate hal'e 
"inversion 
bubbles." 
perform the ANI. or OR I. operation 


on inv'erted operands. 
When the first input 
is inverted. 


either load the operand into the carry and then complement 
it. or use DeMorgan\ 
Thcorem 
to COlll'Crt the gate to a 
different 
form. 


Examplc 2. Software 
Solutions 
to Logic Function 
of Fig- 
ure IJ. 


:BFUNCI 
SOLVE 
RA'\DOM 
LOGIC 
Fl',\CTIO,\ 


OF (, VARIABLES 
BY 1.0ADI'\G 
A'\D 


MASKI'\G 
THE APPROPRIATE 
BITS 


I~, THE ACCUMULATOR. 
THE'\ 


EXECUTI,\G 
CO'\DITIO'\AI. 
.Il'MPS 
BASED 
0'\ 
ZERO 
CO'\DITIO'\, 
(APPROACH 
USED 
BY BYTE- 


ORIE'\TED 
ARCHITECTl'RES.) 
BYTE A'\D 
MASK 
VALUES 
CORRESPO,\D 
TO RESPECTIVE 
BYTE 
ADDRESS 
A'\D 
BIT POSITIO'\S. 


MOV 
A'\1. 
.I'\Z 
MOV 
A'\1. 
.JZ 


MOV 
A'\1. 
.I'\Z 


MOV 
A'\1. 
.IZ 


MOV 
A'\1. 
.IZ 


MOV 
A'\L 
.IZ 


A.P2 
A.#OOOOOIOOB 
TESTl' 
ATCO'\ 
A./lOOIOOOOOfl 
TESTX 
A.PI 
A./lOOOOOOIOB 
SETQ 
ATCO'\ 
A./tOOOOIOOOB 
TESTZ 
A.20H 
A.#0000000 IB 
SETQ 
A.2IH 
A./lOOOOOOIOB 
SETQ 


CLRQ: 
MOV 
A.Ol'TBliF 


ANI. 
A.#IIIIOIIIB 


.IMP 
Ol'TQ 
SETQ: 
MOV 
A.OUTBliF 


ORL 
A.#0000 I000 B 


OUTQ: 
MOV 
Ol/TBl'F.A 
MOV 
PJ.A 


b.) Using only bit-test instructions. 


:BFlI'\C2 
SOLVE 
A RA'\DOM 
LOGIC 
Fl',\('TIO,\ 
OF (, VARIABLES 
BY DIRECTLY 


POLII'\G 
EACH 
BIT 
(APPROACH 
l'SI'\G 
MCS-SI 
l''\IQUF 


BIT-TEST 
I,\STRl'CTIO,\ 
CAPABILITY.) 
SYMBOLS 
l'SED 
1'\ LOGIC 
DIAGRAM 
ASSIG'\ED 
TO CORRESPO'\DI'\G 
X"SI 


BIT ADDRESSES. 


1'1.1 
1'2.2 
TFO 
lEI 


20H.0 


21 H.I 
P:U 


.IB 


.1'\ B 
.IB 
.I'\B 
.I'\B 
.I'B 
CLR 
.IMP 
SEl B 


V.TEST_l' 
W.TESLX 
l/.SELQ 
X.TEST] 
Y.SELQ 
Z.SFLQ 
Q 
,XTTST 
Q 


TEST_l': 
TESLX: 


TEST....z: 


CLR_Q: 


SELQ: 
'\ XTTST: 
:(CO'\TI'\l'ATIO, 
OF 
:PROGRAM) 


:Fl''\CJ 
SOLVF 
A RA'\DOM 
LOGIC 
Fl',CTIO'\ 
OF (, VARIABLES 
l'SI'\G 
STRAIGHLII,r 
LOGICAL 


1'\STR lICTIO,S 
0'\ 
MCS-SI 
BOOLF A'\ 


VARIABLES. 


MOV 
ORI 
A'\1. 


MOV 
MOV 
A'\L 
ORL 


ORI 
MOV 


cv 
CW 
C.l' 


FO.C 
CX 
CY 
CYO 
CZ 
Q.C 


:Ol'Tl'l'T 
OF OR GA'I r 
:Ol'l'l'T 
OF TOP A'\D 
C,AIE 
:SAVE I'\TERMEDIATE 
SlAIE 


:Ol'Tl'l'T 
OF BOTTOM 
A ,D 
GATF 
:I'\CI 
l'DF 
\'All'F 
SAVED 
ABO\'r 
:I'\CI.l·DF 
LASl 
1'\l'l'T 
\'ARIABLr 
:Ol'Tl'l'T 
COMl'l'TFD 
RFSl'LT 


An upper-limit 
can be placed 
on the complexity 
of software 


to simulate 
a large 
number 
of gates 
by summing 
the total 


number 
of inputs 
and 
outputs. 
The ac/ualtotal 
should 
be 


somewhat 
shorter, 
since 
caleulations 
can 
be "chained:' 
as 


sho" 
n above. 
The 
output 
of 
one 
gate 
is often 
the 
first 


input 
to another. 
bypassing 
the 
intermediate 
variable 
to 


eliminate 
two 
lines 
of source. 


Design Example #4 - Automotive 
Dash- 
board Functions 


~O\\ 
let\ 
apph 
these 
techni4ues 
to designing 
the soft"are 


for 
a complete 
controller 
system. 
This 
application 
is 


patterned 
after 
a familiar 
real-world 
application 
which 


isn't 
nearly 
as tri\ ial as it might 
first 
appear: 
automobile 


turn ~ignals_ 


Imagine 
the 
three 
position 
turn 
le\er 
on 
the 
steering 


column 
as a single-pole, 
triple-throw 
toggle 
s"iteh. 
In ib 


central 
position 
all contacts 
arc 
open. 
In the 
up or dO\\O 


positions 
contacts 
close 
causing 
corresponding 
lights 
in 


the 
rear 
of the 
car 
to blink. 
So far \ery 
simple. 


Two 
more 
turn 
signals 
blink 
in the 
front 
of the 
car. 
and 


two 
others 
in the dashboard. 
All six bulbs 
nash 
when 
an 


emergency 
s" itch 
is closed. 
A thermo-mechanical 
relay 


(accessible 
under 
the 
dashboard 
in 
case 
it 
wears 
out) 


causes 
the 
blinking. 


Applying 
the brake 
pedal 
turns 
the taillight 
filaments 
on 


con~tantly 
... 
unless 
a turn is in progrc\",. in Yo hich case the 


blinking 
taillight 
is not affected. 
(Of course. 
the front 
turn 


signals 
and 
dashboard 
indicators 
arc 
not 
affected 
by the 
brake 
peda!.) 
Table 
(, summarilCs 
these 
operating 
modes. 


But 
we're 
not 
done 
yet. 
Each 
of the 
exterior 
turn 
signal 


(but 
not 
the 
dashboard) 
bulbs 
has 
a second. 
somewhat 


dimmer 
filament 
for 
the 
parking 
lights. 
Figure 
15 sflows 


TTL. 
circuitry 
which 
could 
control 
all 
six 
bulbs. 
The 


signals 
labeled 
"High 
Fre4." 
and 
"l.ow 
Fre4." 
represent 


two 
s4uare-wa\'e 
inputs, 
Basically. 
when 
one 
of the 
turn 


switches 
is closed 
or the emergency 
switch 
is activated 
the 


low fre4ueney 
signal 
(about 
I H7) is gated 
through 
to the 


appropriate 
dashboard 
indicator(s) 
and 
turn 
signal(s). 


The 
rear 
signals 
are also 
activ'ated 
"hen 
the brake 
pedal 
is 


depressed 
provided 
a turn 
is not 
being 
made 
in the 
same 


direction. 
When 
the 
parking 
light 
switch 
is closed 
the 


higher 
fre4uency 
oscillator 
is gated 
to each 
front 
and 
rear 
turn 
signa!. 
sustaining 
a low-intensity 
background 
le\·e!. 


(This 
is to eliminate 
the 
need 
for additional 
parking 
light 


filaments.) 


Figure 15, TTL logic implementation 
of 


automotive turn signals, 


INPUT SIGNALS 
OUTPUT 
SIGNALS 
BRAKE 
EM ERG, 
LEFT 
RIGHT 
LEFT 
RIGHT 
LEFT 
RIGHT 


SWITCH 
SWITCH 
TURN 
TURN 
FRONT 
FRONT 
REAR 
REAR 
SWITCH 
SWITCH 
& DASH 
& DASH 


() 
0 
() 
() 
O~ F 
OH 
OF~ 
O~ ~ 


() 
() 
() 
I 
O~F 
BII'\K 
OF~ 
BI"K 
() 
() 
I 
() 
BI"K 
OF~ 
BI"K 
OFF 
0 
I 
() 
() 
BII'\K 
BI"K 
BI"K 
BI"K 
0 
I 
() 
I 
BI"K 
BI"K 
BI"K 
BI"K 
0 
I 
I 
() 
BII'\K 
BI."K 
BI"K 
BI"K 
I 
() 
0 
() 
O~ ~ 
O~F 
0'\ 
0'\ 
I 
() 
() 
I 
OFF 
BI"K 
0'\ 
BII'\K 


I 
() 
I 
() 
BU'\K 
OF~ 
BI"K 
0'\ 


I 
I 
() 
() 
BI"K 
BI"K 
0'\ 
0'\ 


I 
I 
() 
I 
BI."K 
BI"K 
0'\ 
BUNK 
I 
I 
I 
0 
BU'\K 
BI"K 
BUNK 
0'\ 


In mmt 
cars. 
the 
switching 
logic 
to generate 
thcse 
func- 


tions 
rcquires 
a numher 
of multiple-throw 
contacts. 
As 


many 
as IXconductors 
thread 
the steering 
column 
of some 


automohiles 
solely 
for turn-signal 
and 
emergency 
blinker 


functions. 
(The 
author 
discovered 
this 
rccently 
to 
his 


astonishment 
and 
dismay 
w hen 
replacing 
the 
whole 
assemhly 
hecause 
of one 
hurned 
contact.) 


A multiple-conductor 
wiring 
harncss 
runs 
to eaeh 
corner 


of the car. 
behind 
the 
dash. 
up the 
slecring 
column. 
and 


d,mn 
to the 
hlinker 
rclay 
helow. 
Connectors 
at each 
ter- 


mination 
for 
each 
filament 
lead 
to extra 
cost 
and 
lahor 


during 
construction. 
lower 
reliahiJily 
and 
safety. 
and 
more 
eostlv 
repairs. 
And 
considering 
the system's 
present 
com- 


rlexity. 
increasing 
its reliahility 
or detecting 
failures 


would 
he quite 
difficult. 


There 
are 
two 
reasons 
for going 
into 
such 
painful 
detail 


descrihing 
this 
example. 
First. 
to show 
that 
the 
messiest 


part 
of 
many 
system 
designs 
is determining 
what 
the 


controller 
should 
do. 
Writing 
the 
software 
to sohe 
these 


functions 
will 
be comparatively 
easy. 
Secondly. 
to show 


the many 
potcntial 
failure 
points 
in the system. 
Later 
we'lI 


see how the peripheral 
functions 
and 
intelligencc 
huilt 
into 


a 
microcomputer 
(with 
a 
little 
creativity) 
can 
greatly 


reducc 
external 
interconnections 
and 
mechanical 
part 


count. 


The Single-chip 
Solution 


The 
circuit 
shown 
in Figure 
16 indicatcs 
fi\'e input 
pins 
to 


the five input 
variables 
left-turn 
select. 
right-turn 
sclect. 


brake 
pedal 
down. 
emergency 
switch 
on. 
and 
parking 


lights 
on. 
Six 
output 
pins 
turn 
on 
the 
front. 
rear. 
and 


dashboard 
indicators 
for 
each 
side. 
The 
microcomputer 


implements 
all logical 
functions 
through 
software. 
which 


periodically 
updates 
the output 
signals 
as time elapses 
and 
input 
conditions 
change. 


''''''8 


..,,, 


••••• 
OOC' 
•..,."..- 
,oom 
"" 
.~ 


SWITCH 
.•.., 


Design 
Example 
ItJ demonstrated 
that 
symholic 
address- 


ing wit h user-dcfined 
hit names 
makes 
code 
and documcn- 


tation 
easier 
to 
wrile 
and 
maintain. 
Accordingly. 
wc'lI 


assign 
these 
I 0 
pins 
names 
for 
use throughout 
the 
pro- 


gram. 
(The 
format 
of this 
cxample 
will differ 
somew 
hat 


from 
the others. 
Scgments 
of the O\erall 
program 
will be 


prcsented 
in sequence 
as each 
is dcscrihed.) 


I'Pl'"I 
PI' 
DFCIARA 
TIO'S: 


(AI 
I 
I'Pl'TS 
ARE 
POSIlJ\'F-TRl'F 
10CiIC) 


HRAKE 
HII 1'10 
. HRAKE 
PEDAl 
DEPRESSED 


EMERCi 
HI! 
I'll 
: FMERCiE'CY 
HI I'KFR 
ACTI\'ATED 


PARK 
HI! 1'12 
: I'ARKI'C; 
I ICiHl 
S 0'\ 


l_ll'R' 
HI! 
PU 
: ll'R'\ 
I EVER 
DOW,\ 


R_Tl'R:\ 
HII 1'14 
: Tl'R:\ 
lEVER 
1'1' 


OI'TPl'T 
1'1'\ DECIARATIO:\S: 


LJ-R'l 
HI! 
1'15 
: FRO'T 
IEFT-Tl'R'\ 


I'nICA'IOR 
RJR'\T 
HII 1'16 
: FRO:\T 
RIC;HT-Tl'R:\ 


I:\DICATOR 


I_DASH 
HII 1'17 
: DASHBOARD 
1 EJ-T-Tl'R' 


I' 
DIC ATOR 


R_DASH 
HI! 1'2.0 
: DASHBOARD 
RICiHT-TlIR:\ 


I:\DICATOR 


LRFAR 
HII 1'2.1 
: REAR 
IEFT-TlIR'\ 


I:\DICATOR 


LRFAR 
HI! 1'2.2 
: REAR 
RICiHT-Tl'R'\ 


I'DICATOR 


Another 
key 
advantage 
of symbolic 
addressing 
will 


appear 
further 
on 
in the 
design 
cycle. 
Thc 
locations 
of 


cable 
connectors. 
signal 
conditioning 
circuitry. 
\oltage 


regulators. 
heat 
sinks. 
and 
the 
likc 
all affect 
P.c. 
board 


layout. 
It's 
quite 
likely 
that 
thc 
somewhat 
arbitrary 
pin 


assignment 
defined 
early 
in thc software 
design 
cycle 
will 


prove 
to be less than 
optimum: 
rearranging 
the 
I 0 
pin 


a~signment 
could 
well allow 
a more 
compact 
module. 
or 


eliminate 
costly 
jumpers 
on a single-sided 
board. 
(These 


considerations 
apply 
cspccially 
to automotive 
and 
other 


cost-sensitive 
applications 
needing 
single-chip 
con- 


trollers.) 
Since 
other 
architectures 
mask 
bytes 
or 
use 


"clever" 
algorithms 
to 
isolate 
bits 
by rotating 
them 
into 


the carry. 
re-routing 
an input 
signal 
(from 
bit 
I of port 
I. 


for 
example. 
to 
bit 
4 of port 
J) could 
require 
extensive 


modifications 
throughout 
the 
software. 


The 
Boolean 
Processor'sdirect 
bit addressing 
makes 
such 


changes 
absolutely 
trivial. 
The 
number 
of the port 
contain- 


ing the pin is irrelevent. 
and 
masks 
and 
complex 
program 


structures 
are 
not 
needed. 
Only 
the initial 
Boolean 
varia- 


: '''TERRUpT 
RATE SUBDIVIDER 
SUB_DIV 
DATA 
20H 


: HIGH-FREQUE"CY 
OSCILLATOR 
BIT 
HLFREQ 
BIT 
Sl'B_DIV.O 
: LOW-FREQUE'\CY 
OSCILLATOR 
BIT 
LO_FREQ 
BIT 
SUB_DIV.7 


ORG 
1"11' 


ORG 
100H 


: PUT 1'1M ER 0 I" 
MODE 
I 
1:'1:IT: 
MOV 
l' MOD./IOOOOOOOIB 


: I:'I:ITIALIZE TIMER 
REGISTERS 
MOV 
1'1.0./10 
MOV 
THO.II-16 


: SUBDIVIDE 
I"TERRUpT 
RATE BY 244 
MOV 
SUB_DIV.1I244 


: E:'I:ABLE TIMER 
I"TERRL'pTS 


SETB 
ETO 
: GLOBALLY 
E"ABLE 
ALL I"TERRUpTS 
SETB 
EA 


: START 
TIMER 
SETB 
TRO 


: pI'lllMfR 
0 1'\ MODF 
I 


: I'\n 
IAI IZF 1'1MFR 
REedS I FRS 


: SI'BDI"f[)E 
"" 
FRRI'I'T 
RAl E BY 244 


: F'\"BI 
F 11\1FR 
"'TFRRI'pfS 


: (il OBA' 
I Y f'\ABI 
F AI I '" 
ITRRI'I'TS 


: START 
1 I"v1 FR 


ble declaratiom 
need to be changed: 
ASM51 
automati- 


cally adjus!\ 
all addresses 
and symbolic 
references to the 
rea"igned 
\·ariables. 
The user is assured 
that 
no addi- 
tional dehugging 
or software verification 
will be required. 


Timer 0 (one of the t",o on-chip timer 
counte,,) 
replaces 
the thermo-mechanical 
blinker 
relay in the dashboard 


controller. 
During system initiali7ation 
it is configured 
as 


a timer in mode I by setting the least significant 
bit of the 


timer 
mode register 
(TMOD). 
In this configuration 
the 
low-order 
byte (TLO) is incremented 
e\wy maehine eycle. 
overno",ing 
and inerementing 
the high-order 
byte (THO) 


every 256 ~Sec. Timer 
interrupt 
0 is enahled 
so that a 


hardware 
interrupt 
will oecur eaeh time THO o\·erflows. 
(For details 
of the numerom 
timer operating 
modes see 
the MCS-51'"User's 
ManuaL) 


An eight-hit 
\ariahle 
in the bit-addressable 
RAM array 
will be needed 
to further 
subdivide 
the 
interrupts 
via 


software. 
The lowest-order 
bit of this counter 
toggles very 


fast to modulate 
the parking lights: hit 7 "ill be "tuned "to 


approximately 
I H7 for 
the 
turn- 
and 
emergency- 


indicator 
blinking 
rate. 


Loading 
THO with -16 will cause an interrupt 
after 4.096 


msec. The interrupt 
sen'ice routine reloads the high-order 


byte of timer 0 for the next interval. 
saves the CPU regis- 
ters likely to he affected on the staek. and then decrements 
SUB_DIV. 
l.oading 
SUB_DIV. 
with 244 initially 
and 


each 
time 
it decrements 
to 7ero "ill 
produce 
a 0.999 
seeond period for the highest-order 
bit. 


ORG 
MOV 
I'I'SH 
I'I'SH 
PI'SH 
D),\Z 


"-10V 


OOOBH 
TIMFR 
0 SER\'ICF 
\'FCTOR 


'f HO.It-16 


PS W 
ACC 


B 
Sl' B_DI\'.'I OSFR \' 
SI'B_DIV.1t244 


The code 
to sample 
inputs. 
perform 
calculations. 
and 


update 
outputs 
the real "meat" 
of the signal controller 


algorithm 
may be performed 
either as part of the inter- 


rupt service routine 
or as part of a background 
program 
loop. The only concern 
is that it must be executed 
at least 
several d07en times per second 
to pre\em 
parking 
light 


nickering. 
We will assume the former case. and insert the 
code into the timer 0 service routine. 


First. notiee from the logic diagram 
(Figure 
15) that the 
subterm 
(pA R K . H_FR EQ). asserted 
when the parking 


lights are to be on dimly. figures into fourofthe 
six output 


functions. 
Accordingly. 
we will first compute 
that term 


and sa\e 
it in a temporary 
location 
named 
"DIM". 
The 


PSW contains 
two general purpose 
nags: FO. \\ hieh cor- 


responds 
to the R048 flag of the same name. and pSW.I. 


Since The PSW has been saved and "ill be restored 
to its 


pre\ ious state after 
servieing 
the interrupt. 
"'e can use 


either hit for temporary 
storage. 


DIM 
BI1 
PSW.I 
: DFCLARF 
TFMP. 


SlORAGF 
FLAG 


MO\' 
C.PARK 
. GATF 
pARK"'(. 


I.IGHT 
SWITCH 
A'\L 
HLFREQ 
: WITH 
HIGH 
FREQI'E"CY 
SIG'\AL 


MO\' 
DIM.C 
:A,\DSAVE'" 
TEMP. 
VARIABI 
F. 


This simple three-line seetion of code illustrates 
a remark- 
able point. The software 
indicates 
in very abstract 
terms 


exaetly what function 
is being performed. 
independent 
of 


the hardware 
configuration. 
The fact that these three bits 


include an input pin. a bit within a program 
variable. and 


a software 
nag 
in the 
PSW 
is totally 
invisible 
to the 
programmer. 


MaY 
C.I._TlIR:\' 
,SET 
CARRY 
IF 


TllR:\ 


ORI. 
CEMERG 
: OR EMERGP,CY 
SFI.ECTED. 
A'\" I. 
CIO_FREQ 
:GATFI'I 
HZ 
SIG:\AI. 


MaY 
LDASH.C 
: A"D 
OliTpllT 
TO 
DASHBOARD. 


To generate 
the left front turn signal wc only need to add 


the parking 
light function 
in FO. But notice that the func- 
tion in the carry will also be needed for the rear signal. We 
can save effort later by saving its current state in FO. 


: SAYF 
Fl':\CTIO:\ 
SO FAR. 
: ADD 
I' 
I'ARKI'G 
I l(iH I Fl"CIIO' 


:A'DOl'Tpl'l 
TO 
Tl'R' 
SI(;:\AI. 


Finally, the rear left turn signal should also be on II'hen the 
brake 
pedal 
is depressed. 
prO'ided 
a left turn 
is not ill 


progress. 


: (iATE 
BRAKE 
I'FDAI. 
SWITCH 


:\\'nH'll'R' 
I FVFR. 
: I"CI.UDE 
TEMP. 
VARIABI.F 
FRO"" 
DASH 


: A:\n 
pARKI:\G 
II(;H"I 
H"CTIO' 


: "'D 
OI"II'I'T 
'10 
Tl'R'SI(i'AI.. 


'\'011' lI'e ha\c 
to go through 
a similar 
se4uenee 
for thc 
right-hand 
e4ui\alents 
to all the Icft-turn lights. This also 
gives us a chance to sec how the code segments abOl c look 
II'hen combined. 


: SF I CARRY 
It- 


Tl'R' 


: OR FMFRGF'CY 
SFI ECl FD. 


: IF SO. (iA"1 F I' 
I 
HZ SIG'AI. 


MaY 
LDASH,C 
: Al\'D OUTpl'T 
TO 
DASHBOARD. 


MaY 
FO.C 
: SAYE FU:\,CTIO:\, 
so FAR. 


ORI. 
CDIM 
: ADD 
I" 
PARKIl\'G 
IIG HT FU"CTIO,\, 


MaY 
LFR"T.C 
: A"D 
OUTPUT 
TO 
TUR" 
SIG"AI.. 


MOY 
CBRAKE 
: GATE 
BRAKE 


PEDAL 
SWITCH 
A:'\1. 
C 
LTlIRJ\: 
: WITH TUR:\, 


I.EYER. 


ORI. 
CFO 
: I:\'CU'DE 
TEMP. 


YARIABLE 
FROM 
DASH 
ORI. 
CDI M 
: A'D 
PARKI'\'G 


liGHT 
Fll'CTIO" 
MOY 
R_REAR.C 
: A:\D 
OllTpUT 
TO 
TUR:\ 
SIG:\AI. 


(The perceptiw 
reader may notice that simply rearranging 


thc steps 
could 
climinate 
one instruction 
from 
each 
se4uence.) 


"Oil' that all six bulbs are in the proper 
states. 
we can 
return 
from 
the interrupt 
routine. 
and 
the program 
is 


finished. This code essentially 
needs to re\erse 
the status 
sa\'ing steps at the beginning 
of the interrupt. 


, RESH)RI: 
en 
REGISTERS. 


pOP 
"CC 
POP 
pSW 
RFTI 


Program 
Re!inemel1f.l. 
The lumincscence 
of an incan- 
descent light bulb filament is gencrally non-linear: 
the 50r; 
duty 
cvclc of H I_FRFQ 
ma~ not 
producc 
thc dcsired 
intcnsit~. 
If thc application 
re4uires. 
duty cycles of 25';. 
75";, etc. are easily achie\'ed 
by Al\'Ding 
and ORing 
in 


additionalloll'-order 
bits ofSI'B_DI\·. 
For example . .10 


HI 
signals of Se\en differcnt 
duty eyclcs could 
be pro- 
duced by considcring 
hits 2 
0 as shown in Tahlc 7. The 
only soft II'arc change rC4uired II'ould he to the codc which 
sets-up \ariahlc 
DIM: 


: START 
WITH 50 


PERCE:\T 
: MASK 
DOW:\ 
TO 25 


PERCE'T 


: A:'\D BI'II.D 
BACK TO 


62 PERCE:\T 
: I)lITY 
CYCI F FOR 
pARKIV; 
IIGH1S. 


SUB_DIV BITS 
DUTY CYCLES 
7 
6 
5 
4 
3 
2 
1 
0 
12.5% 
25.0% 
37.5% 
50.0% 
62.5% 
75.0% 
87.5% 


X 
X 
X 
X 
X 
0 
0 
() 
Of-!- 
OFF 
OFF 
OFF 
01-1" 
OFF 
Of-!- 


X 
X 
X 
X 
X 
0 
0 
I 
OFF 
OFf 
OFF 
OFF 
OFF 
OFF 
0'\ 


X 
X 
X 
X 
X 
0 
I 
0 
OFF 
OFF 
OFF 
OFF 
OFF 
0'\ 
0'\ 


X 
X 
X 
X 
X 
0 
I 
I 
OFF 
OFF 
OFF 
OFF 
0'\ 
0'\ 
0'\ 


X 
X 
X 
X 
X 
I 
0 
0 
OFF 
OFF 
OFF 
0'\ 
0'\ 
0'\ 
0'\ 


X 
X 
X 
X 
X 
I 
0 
I 
OFF 
OFF 
0'\ 
0'\ 
0'\ 
0'\ 
0'\ 


X 
X 
X 
X 
X 
I 
I 
0 
OFF 
0'\ 
0'\ 
0'\ 
0'\ 
0'\ 
0' 
X 
X 
X 
X 
X 
I 
I 
I 
0'\ 
0" 
0'\ 
0'\ 
0' 
0'\ 
0'\ 


Interconnection, 
increase 
cost 
and 
decrease 
reliability. 


The 
simple 
buffered 
pin-per-function 
circuit 
in Figure 
16 


is insufficient 
when 
man\ 
outpuh 
reljuire 
higher-than- 
1'1'1. drive 
Ie\els. 
A 
lower-cost 
solution 
uses 
the 
R051 


serial 
port 
in the 
shift-register 
mode 
to augment 
I O. In 


mode 
O. writing 
a 
byte 
to 
the 
serial 
port 
data 
buffer 


(S B l' F) C<ll"es the da ta to be out put seljuent 
ia II~ through 


the 
"RXD" 
pin 
while 
a 
bu"t 
of 
eight 
cloek 
pulses 
is 


generated 
on the "TX 0" pin. 
A shift 
register 
connected 
to 


these 
pins (Figure 
17) w ill load 
the data 
h~ te as it is shifted 


out. 
A number 
of special 
pcripheral 
dri\cr 
circuits 
com- 


bining 
shift-regiqer 
input, 
with 
high 
drive 
Ic\el 
out pUb 


hll\e 
been 
introduced 
recently. 


Cascading 
multiple 
shift 
regiqe" 
end-to-end 
w ill expand 


the 
number 
of outputs 
ewn 
further. 
The 
data 
rate 
in the 


I 0 expan..ion 
mode 
is one megahaud. 
or R usec. 
per b~ te. 


This 
is the mode 
which 
the serial 
port 
defaults 
to follow 
ing 


a reset. 
so no initiali/ation 
is reljuired. 


The 
software 
for 
this 
techniljue 
uses 
the 
B register 
as a 


"map" 
corresponding 
to 
the 
different 
output 
function... 


The 
program 
manipulates 
these 
hih 
instead 
of the output 


pin... After 
all functions 
have 
heen calculated 
the B register 


is shifted 
h~ the 
serial 
port 
to 
the 
shift-register 
driver. 


(While 
some 
outputs 
may glitch 
as data 
is shifted 
through 


them. 
at 
I Megahaud 
most 
people 
wouldn't 
notice. 
Somc 


shift 
registcr'> 
prOl ide an "enahle" 
hit to hold 
the 
output 


states 
while 
new data 
is heing 
shifted 
in.) 


This 
is w here 
the earlier 
decision 
to address 
hih 
s~ mhol- 


ically 
throughout 
the 
program 
is going 
to payoff. 
This 


major 
I 0 restructuring 
is nearl~ 
as ,imple 
to implemcnt 


a, 
rearranging 
the 
input 
pins. 
Again. 
only 
the hit declara- 


tions 
necd 
to he changed. 


LFR'\T 
BIT 
8.0 
: FRO'\T 
I.EFT-Tl'R'\ 


I'\DICATOR 
R_FR'\T 
BIT 
B.I 
: FRO'\T 
RIGHT-n'R'\ 


I'\DIC/\TOR 


LDASH 
BIT 
A.2 
: DASHBOARD 
I.Ef-T-"ll'R" 


"nICATOR 
R-DASH 
All' 
B.3 
: DASHBOARD 
RIGHT-n'R'\ 


I'\DICATOR 


I._REAR 
BIT 
B.4 
: REAR 
I EFT-n'R'\ 


: I'\DICATOR 


R_RFAR 
All 
A.5 
: RFAR 
RIGH'I-rt'R'\ 


: I'\DICA 
fOR 


The 
original 
program 
to compute 
the 
function.. 
need 
not 


change. 
After 
computing 
the output 
\ariahles. 
the control 


map 
is transmitted 
to the 
huffered 
shift 
register 
through 


the serial 
port: 


The 
Boolean 
Processorsolution 
holdsa 
numherofad\an- 


tages 
OIcr 
older 
methods. 
Fewer 
switches 
arc 
reljulfed. 


Each 
is simpler. 
reljuiring 
fewer 
poles 
and 
lower 
currcnt 


contact,. 
The 
Oa,her 
rela~ 
is eliminated 
entirel~. 
Onl~ 
six 


filaments 
are driven. 
rather 
than 
10. The 
w iring 
harness 
is 


therefore 
simpler 
and 
less expensive 
one 
conductor 
for 


each 
of the six lamps 
and 
each 
of the five sensor 
sw itches. 


The 
fewer 
cond 
ucto" 
use fa r fn\ er con nect 0". The 
whole 


system 
is more 
reliable. 


And 
since 
the s~stem 
is much 
,impler 
it would 
be feasible 


to implement 
rcdundancy 
and 
or 
fault 
detection 
on 
the 


four 
main 
turn 
indicators. 
Each 
could 
still 
be a standard 


double 
filament 
bulb. 
but 
with 
thc 
filamenh 
driven 
in 


parallel 
to tolerate 
single-element 
failures. 


E\en 
with 
redundanc~. 
the 
lights 
will e\cntually 
fail. 
To 


handle 
this 
inescapable 
fact 
current 
or 
\oltage 
sensing 


circuits 
on each 
main 
dril 
e II ire can 
lerif~ 
that 
each 
hulh 


and 
its high-current 
driler 
i, functioning 
properly. 
figure 


IX ,holl' 
one 
'uch 
circuit. 


Figure 18. 


Assume 
all of the 
light, 
are 
turned 
on except 
one: 
i.e .. all 


but one of the collector, 
arc grounded. 
For the bulb 
II hieh 


i, turned 
off. if there 
i, continuit~ 
from 
+ 12 V through 
the 


bulb 
ba,e 
and 
filament. 
the 
control 
lIire. 
all connector,. 


and 
the 
P.c. 
board 
trace,. 
and 
if thc 
tran,i,tor 
i, indeed 


not 
,horted 
to ground. 
thcn 
the collector 
II ill be pulled 
to 


+ 12 \'. 
Thi, 
turn, 
on 
the 
ba,e 
of OX through 
the 
corre,- 


ponding 
rc,i\!or. 
and ground, 
the input 
pin. lerifying 
that 


the 
bulb 
circuit 
i, 
orerational. 
The 
continuitl 
of 
each 


circuit 
can 
be checked 
by ,oftllare 
in thi, 
\la~.· 


"Oil 
turn 
aI/the 
bulbs 
on. grounding 
all the collector,. 
07 


should 
be 
turned 
off. 
and 
the 
Te\! 
pin 
,hould 
be 
high. 


Howeler. 
a control 
wire 
,horted 
to 
+12 
V or 
an 
oren- 


circuited 
dril 
e tramistor 
II ould 
leale 
one of the collectol' 


at the highenoltagcelcn 
nOli. This 
too would 
turn 
on 07, 


indicating 
a different 
tyre 
of failure. 
Software 
could 
rcr- 


form 
these 
checks 
once 
rer 
second 
by executing 
the 
rou- 


tine elery 
time 
the softllare 
counter 
Sl' R_DIY 
is reloaded 


by the 
interrupt 
routine. 


D.I'\Z 
SI'R_DIY,TOSERV 
MaY 
Sl'B_DIV.#244 


ORI. 
PI,#IIIOOOOOR 


: RELOAD 
COll:'\TER 


: SET 
CO"\TROL 


OUTPUTS 
HIGH 


ORI 
P2,#00000111R 


CI 
R 
I.JR'iT 
: FI OAT 
DRIVE 
COI.I 
ECTOR 


: TO SHOUI 
D BE 


PULLED 
LOW 


: 1'111.1 
COI 
LECTOR 
BACK 
DO\\':'\ 


CI 
R 
I._DASH 


.IA 
rO.I-Al'11 


SF rR 
I._DASH 


CI 
R 
I._RFAR 


.IA 
ro.I-"1 
IT 
SFIA 
I._RFAR 


CI 
R 
ILI-R'\I 


.IA 
rO.I-"I'1 
T 


SF I A ILI-RYI 


CI 
R 
ILD"SH 


.IA 
nU-"I'I'1 


SF I B ILDi\SH 


CI R 
R_RFAR 


.IB 
10.1-"1'11 


SF I A ILRFAR 


: \\TI 
HAI.l 
COII.FCTORS 
GROl''\DED, 
TO 


SHOl'l 
D AE HIGH 


. IF so. CO'\II'\I'F 
\\'1'1 H I'\TFR 
R I 'PT 
ROI '1 I' 
F . 


.IA 
IO.IOSFR\' 


I-i\ 1'1 I: 
: FIFCTRICAI 
I-AII.IIRE 


:I'ROCFSSIVi 
ROl'II'\F 


: (I EFT 
TO 
RF "DEWS 
: I\1A01:'\ATI0"\) 


. CO'\TI'\I'F 
WI fH 


:1'\'lTRRI'PT 
PROCFSSI'C; 


The 
comrlcte 
a'Sembled 
program 
listing 
is 
rrintcd 
in 


Arpendix 
A. The 
resulting 
code 
eonsi,ts 
of 67 rrogram 
"Itatcmtnt\. 
not count ing declara 
t ion!oo a nd com mcnts. 


II hich 
a'Semble 
into 
150 bytes 
of object 
code. 
Each 
rass 


through 
the ,ervice 
routine 
req u ires (coi ncidently) 
67 usec, 


plus 
,2 
usec 
once 
rer 
,econd 
for 
the 
electrical 
test. 
If 


executed 
CI erl 
4 msec 
as suggcsted 
this 
software 
would 


tYricall~ 
reduce 
the 
throughrut 
of the 
background 
rro- 


gram 
by Ie'S than 
Yr. 


Once 
a microcomputer 
has 
been 
designed 
into 
a system, 


nell 
features 
,uddenly 
becomc 
I'irtually 
free. 
Software 


could 
make 
the emergency 
blinkers 
Oash alternately 
or at 


a 
rate 
faster 
than 
the 
turn 
signals. 
Turn 
signals 
could 


override 
the 
emergency 
blinkers. 
Adding 
more 
bulbs 
would 
al1o11 
multiple 
tail 
light 
sequencing 
and 


syncopation 
true 
Oa,h 
factor, 
so to speak. 


Design Example 
#5 - Complex 
Control 
Functions 


Finally. 
we'll 
mix byte and 
bit operations 
to extend 
the use 


of 8051 
into 
extremely 
complex 
applications. 


Programmers 
can arbitrarily 
assign 
I 0 pins to input 
and 


out rut 
functions 
only 
if the 
total 
does 
not 
exceed 
,2, 


which 
is insufficient 
for 
applications 
with 
a very 
large 


number 
of input 
variables. 
One way to expand 
the number 


of 
inputs 
is 
with 
a 
technique 
similar 
to 
multiplexed- 


keyboard 
scanning, 


Figure 
19 shov" 
a block diagram 
for a moderatel~ 
com- 
plex programmable 
induqrial 
controller 
vvith the follovv- 


ing characteristic" 


• 64 input variable sensors: 
• 
12 output 
signab: 


• Combinational 
and sequential 
logic computations: 


• 
Remote 
operation 
"ith 
communicatiom 
to a host 
proce"or 
via a high-speed 
full-duplex 
serial link: 


• T"o 
prioriti7ed 
external 
interruph: 


• 
Internal 
real-time and time-of-da~ 
clocks. 


Wbil~ man~ microprocessors 
could 
be programmed 
to 


prO\ ide these capabilities 
vvith a"orted 
peripheral 
sup- 


port chips. an 8051 microcomputer 
needs no other inte- 


grated circuits' 


The 64 input 
sensors 
arc logically 
arranged 
as an 8x8 


matrix. 
The pins of Port 
I sequentially 
enable 
each 
column 
of the sensor 
matrix: 
as each is enabled 
Port 0 
reads 
in the state 
of each 
sensor 
in that 
column. 
An 


eight-byte 
block in bit-addre"able 
RAM remembers 
the 


data as it is read in so that after each complete 
scan cycle 


there is an internal 
map of the current 
state of all semors. 


logic 
functions 
can then directly addre" 
the elements 
of 


the bit map. 


The computer\ 
serial 
port 
is configured 
as a nine-bit 


UART. tramferring 
data at 17.000 bytes-per-second. 
The 


ninth bit ma~ distinguish 
between address and data bytes. 


Figure 19. Block diagram of 64-input machine 
controller. 


The 8051 serial port can be configured 
to detect bytes witb 
the addre" 
bit set. automatically 
ignoring all otber,. 
Pins 


I:\'TO and I:\'TI arc interrupts 
configured 
respeetivel~ 
as 


high-priority. 
falling-edge triggered and low-priority. 
low- 
level triggered. 
The remaining 
12 I 0 pins output 
TTI.- 
level control 
signals to 12 actuators. 


There arc se\eral 
wa~ s to implement 
tbe semor 
matrix 
circuitry. all logically similar. Figure 20.a shows one po"i- 
bilitv. Each of the 64 sensors con,i'h 
of a pair of simple 
,,\ itch contacts 
in series with a diode to permit 
multiple 


contact 
closures throughout 
the matrix. 


The scan lines from 
Port 
I prO\ ide eight 
un-encoded 
acti\C-high 
scan signals 
for enabling 
columns 
of the 


matrix. 
The return lines on rov" where a contact 
is closed 
arc pulled high and read as logic one,. Open return 
lines 
are pulled to ground 
by one of the 40 kohm resistors and 
are read as 7eroes. (The resistor values must be chosen to 
ensure 
all return 
lines are pulled abO\e 
the 2.0 V logic 


threshold. 
even in the worst-case. 
where all eontac!\ 
in an 


enabled 
column 
arc closed.) 
Since PO is prO\ ided open- 
collector 
outputs 
and 
high-impedance 
MOS 
inputs 
its 


input loading 
may he eomidered 
negligible. 


Tbe circuih 
in Figures 20.b 
20.d arc variations 
on this 


themc. 
When input signa" 
must bc electricallv 
isolated 


from the computer 
circuitn' 
as in nojsy industrial 
environ- 
ments. 
phototramistors 
can replace 
the s"iteh 
diode 


pairs and prov ide optical isolation as in Figure 20.b. Addi- 
tional 
opto-isolators 
could also be used on the control 


output 
and special signal lines. 


The other circuits a"ume 
that input signals arc already at 
TTI. 
leveb. 
Figure 
20.c 
u,es 
octal 
three-state 
buffers 
enabled 
by active-low 
scan signals to gate eight signals 


onto Port O. Port 0 is available 
for memory expansion 
or 
i'eripheral 
chip interfacing 
between sensor matrix scans. 


Eight-to-one 
multiplexers 
in Figure 
20.d select one of 
eight inputs for each return line as determined 
by encoded 


addre" 
bits output 
on three pins of Port 
I. (Fiw 
more 
output 
pin, are thus freed for more control 
functions.) 
Each output can dri\'e at least one standard 
TTL or up to 


10 lo,,-power 
TTI. loads without additional 
buffering. 


Going back to the original matrix circuit. Figure 21 shows 
the method 
used to scan the sensor matrix. Two complete 


bit maps are maintained 
in the bit-addressable 
region of 


the RAM: one for the current 
state and one for the pre- 
vious state read for each sensor. 
If the need arises. 
the 


program 
could 
then 
sense 
input 
transitions 
and 
or 


debounce 
contact 
closures by comparing 
each bit with its 
earlier value. 
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a.) Using switch contact/diode 
matrix. 
b.) Using optically-coupled 
isolators. 
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c.) 
Using TTL three-state buffers. 
d.) Using TTL data selectors. 


Thc 
codc 
in 
Example 
J implemcnt' 
thc 
'canning 
algo- 


rithm 
lor 
thc 
circuib 
in 
Figurc 
10.a. 
Each 
column 
j, 


cnahled 
hy 'ctting 
a ,ingle 
hit in a field 
of Icrnc" 
Thc 
hit 


map' 
arc 
p() •••iti\l~ 
logic: 
ones 
represent 
contacts 
that are 
c1o\cd or 
j •••olator ...turned 
on. 


"PI"'_SCA': 
: SI'BROI"I 
1'\1' '10 REAn 


CI'RRE'T 
SI A' F 
: 01- (,4 SF'SORS 
A,n 
SAVF I' 
RN\110H-17H, 


\10\' 
RO,"10H 
: 1'\1'1'1/\1 IZF 
: PO',\TFRS 


\10\' 
RI.b1XH 
: FOR BI'I \IAP 
: BASES, 


MOV 
A.#HOH 


SCA": 
MOV 
PI.A 


RR 
A 


MOV 
R2.A 


MOV 
A.PO 


XCH 
A.@RO 


MOV 
@RI.A 


I"C 
RO 


I"C 
Rr 


MOV 
A.R2 


.J:'\B 
ACC7.SCA:'\ 


RET 


: SET 
FIRST 
BIT 
I" 


ACC 


: OUTPUT 
TO 
SC A" 
1.1" ES. 


: SHIH 
TO 
E"ABI.E 


"EXT 
COLl' 
M '\ 


"EXT 


: REMEMBER 
CUR- 


RE'\T 
SCA" 


POSITIO". 


: READ 
RETl'R" 
1.1" ES. 


: SWITCH 
WITH 


PREVIOl'S 
MAP 


BITS. 


: SAVE 
PREVIOUS 
STATE 
AS 
WELl.. 


: BliMP 
POI:'\TERS. 


: REI.OAD 
SCA:'\ 
I.I:'\E 


MASK 
: 1.00P 
l'''TII. 
A 1.1. 


EIGHT 
COLlIM:'\S 


READ. 


What 
happens 
after 
the 
sensors 
have 
been 
scanned 


depends 
on 
the 
individual 
application. 
Rather 
than 


inventing 
some 
artificial 
design 
problem. 
software 
eorres- 


ponding 
to commonplace 
logic elements 
will be discussed. 


ComhinalOrialOUlpUI 
Variahles. 
An output 
varia 
ble 


which 
is a simple 
(or 
not 
so simple) 
combinational 
func- 


tion 
of several 
input 
variables 
is computed 
in the spirit 
of 


Design 
Example 
J. All 64 inputs 
are represented 
in the bit 


maps: 
in fact. 
the sensor 
numbers 
in Figure 
20 correspond 


to the absolute 
bit addresses 
in RAM 
I The code 
in Exam- 


ple 4 acti\ 
ates an actuator 
connected 
to P2.2 when 
sensors 


12.23. 
and 
34 are 
closed 
and 
sensors 
45 and 
56 are 
open. 


Example 
4. 


Simple 
Combinatorial 
Output 
Variables. 


: SET 
P2.2 
= (12) (13) (34) ( 45) ( 56) 


MOV 
CI2 
A"1. 
C13 
A"I 
CJ4 
A:'\1. C 45 
A:'\1. C 56 


MOV 
PU.C 


Inlermediate 
Variahles. 
The 
examination 
of 
a 
typical 


relay-logic 
ladder 
diagram 
will 
show 
that 
many 
of 
the 


rungs 
control 
nol outputs 
but 
rather 
relays 
who_e 
con- 


tacts 
figure 
into 
the 
computation 
of other 
functions. 
In 


effect. 
these 
relays 
indicate 
the state 
of intermediate 
varia- 


bles 
of a computation. 


The 
MCS-51'· 
solution 
can 
use any 
directly 
addressable 


bit 
for 
the 
storage 
of such 
intermediate 
variables. 
E\en 


when 
all 128 bits of the 
RAM 
array 
are dedicated 
(to input 


bit maps 
in this 
example). 
the 
accumulator. 
PSW. 
and 
B 


register 
provide 
18 additional 
flags 
for 
intermediate 


variables. 


For 
example. 
suppose 
switehes 
0 through 
J eontrol 
a 


safety 
interlock 
system. 
Closing 
any 
of them 
should 
deac- 


ti\'ate 
certain 
outputs. 
Figure 
22 is a ladder 
diagram 
for 


this situation. 
The 
interlock 
function 
eould 
be recomputed 


for every 
output 
affected. 
or it may 
be computed 
onec 
and 


saved 
(as 
implied 
by the 
diagram). 
As the 
program 
pro- 


ceeds 
this 
bit can 
qualify 
each 
output. 


Example 
5. 
Incorporating 
Override 
signal 
into 
actuator 


outputs. 


CAI.I. 
I"PUT_SCA" 


MOV 
CO 
ORI. 
CI 


ORI. 
C2 


ORI. 
C3 


MOV 
FO.C 


A'\I 
C 
f-(l 


MOV 
PI.O.C 


A'\I 
C 
FO 
MOV 
PI.I.C 


A'\I. 
C 
FO 


MOV 
PI2.C 


Figure 22. Ladder diagram for output override 
circuitry. 


Latchinf!. Relays. A latching relay can be forced into either 
the ON or OFF state by two corresponding 
input signals. 
where it will remain until forced onto the opposite state- 
analogous 
to a TTL Set 
Reset flip-flop. The relay is used 


as an intermediate 
variable 
for other calculations. 
In the 
previous 
example. 
the emergency 
condition 
could 
be 
remembered 
and 
remain 
active 
until 
an "emergency 
cleared" 
button 
is pressed. 


Any flag or addressabl"e bit may represent 
a latching relay 
with a few lines of code (see Example 
6). 


:LSET 
I._'>ET: 


SET FI.AG 0 IF C=I 


ORI. 
CFO 
MOV 
FO.C 


:LRSET 
RESET 
FI.AG 0 IF C=I 
I._RSET: 
CPS 
C 
A'\I. 
CFO 
MOV 
FO.C 


Time Delar Relars. A time delay relay doc, 
not re,pond 


(0 an input ,ignal until it ha, been present (or absent) 
for 
,ome 
predefined 
time. 
For example. 
a ballast 
or load 


resistor may be switched in serie, with a D.C motor when 
it is first turned on. and shunted 
from the circuit after one 
,econd. 
This sort of time delay may be simulated 
by an 
interrupt 
routine 
driven 
by one of the t\\ 0 8051 timer 
counters. 
The procedurc 
followed by the routine depends 
heavily on the dctails of the exact function 
needed: time- 


outs or time delays with resettable or non-resettable 
inputs 
are possible. 
If the interrupt 
routine 
is executed 
e\wy 
10 


milliseconds 
the code in Example 
7 will clear an inter- 
mediate 
variable 
set by the background 
program 
after it 
has been active for t\\O seconds . 


.I:'\R 
USLFI.G.'\XTTST 


D.I'\Z 
DI.A Y-COlJ'\T.:'\XTTST 
CI.R 
UsLFI.G 
MOV 
DI.AY _COlJ'\T.#200 


Serial 
Interface 
to Remote 
Processor. 
When 
it detects 
emergency 
conditions 
represented 
by certain 
input com- 


binations 
(such as the earlier 
Emergency 
Override). 
the 
controller 
could 
shut 
down 
the 
machine 
immediately 
and 
or alert the host processor 
via the serial porI. Code 
bytes indicating 
the nature of the problem could be trans- 
mitted to a central computer. 
In fact. at '7.000 bytes-per- 
second. the entire contents 
of both bit maps could be sent 
to the host processor 
for further 
analysis 
in less than a 


millisecond! 
(fthe host decides that conditions 
warrant. 
it 
could alert other remote 
processors 
in the system that a 
problem 
exists 
and 
specify 
which 
shut-down 
sequence 
each should 
initiate. 
For more information 
on using tlie 
serial port, consult the MCs-51'· 
User's Manual. 


Response 
Timinf!.. 


One difference 
between relay and programmed 
industrial 
controllers 
(when each is considered 
as a "black box ") is 


their 
respective 
reaction 
times 
to input 
changes. 
As 


reflected 
by a ladder 
diagram. 
relay systems 
contain 
a 


large number of "rungs ..operating 
in parallel. A ehange in 
input eonditions 
will begin propagating 
through 
the sys- 


tem immediately. 
pos;iblyaffeeting 
the output 
state 
within milliseconds. 


Software. 
on the other 
hand. 
operates 
sequentially. 
A 
change 
in input states will not be detected 
until the next 
time an input scan is performed. 
and will not affect the 
outputs 
until that section of the program 
is reached. 
For 
that reason the raw speed of computing 
the logical func- 


tions is of extreme 
importance. 


Here the Boolean 
processor 
pays off. E,'err instruction 


memioned 
in this Note completes 
in one or two micro- 
seconds 
the minimum 
instruction 
execution 
time 
for 
many other mierocontrollers' 
A ladder diagram 
contain- 


ing a hundred 
rungs. with an average of four contacts 
per 
rung can be replaced by approximately 
fi\'C hundred 
lines 
of software. 
A complete 
pass through 
the entire 
matrix 
scanning 
routine 
and 
all computations 
would 
require 


about 
a millisecond: 
less than the time it takes for most 


relays to change state. 


A programmed 
controller 
which simulates 
each Boolean 


function 
with a subroutine 
would be less efficient 
by at 
least an order of magnitude. 
Extra software 
is needed for 
the simulation 
routines. 
and each 
step takes 
longer 
to 
execute 
for three 
reasons: 
sneral 
byte-wide 
logical 
instructions 
are executed 
per user program 
step (rather 
than one Boolean 
operation): 
most of those instructions 


take longer to execute 
with microprocessors 
performing 
multiple off-chip accesses: and calling and returning 
from 
the various 
subroutines 
requires 
overhead 
for stack 


operations. 


In fact. the speed of the Boolean 
Processor 
solution 
is 


likely to be much faster 
than 
the system 
requires. 
The 
CPU 
might 
use the time left O\'er to compute 
feedback 
parameters. 
collect and analy7e execution 
statistics. 
per- 


form system diagnostics. 
and so forth. 


With the building-block 
basics mentioned 
above 
many 
more operations 
may be synthesi7ed 
by short instruetion 


sequences. 


Exclusive-OR. There are no common 
mechanical 
devices 
or relays analogous 
to the Exclusive-OR 
operation. 
so this 
instruction 
was omitted 
from 
the 
Boolean 
Processor. 


However. the Exclusive-OR 
or Exciusive-:viOR operation 
may be performed 
in two instructions 
by conditionally 
complementing 
the carry or a Boolean \'ariable 
based on 
the state of any other testable 
bit. 


: EXCl.llSIVE-OR 
Fll!\'CTIO:\ 
IMPOSEDO!\' 
CARRY 
: lISI'\G 
FO IS I'\PllT 
VARIASI 
E. 


XOR_FO: 
.I:\S 
FO.XORC'\T 
: (".IS" FOR X-:\OR) 


CPI. 
C 


XC H. The contents of the carry and some other bit may be 
exchanged 
(switched) 
by using the accumulator 
as tempo- 


rary storage. 
Bits can be mo\'Cd into and out of the accu- 


mulator 
simultaneously 
using the Rotate-through-earry 
instructions. 
though 
this would 
alter 
the accumulator 


data. 


: EXCHA'\GE 
CARRY 
WITH 
l'SRFI.G 
XCHSIT: 
RI.C 
A 


MOV 
CUSRJI.G 


R RC 
A 


MOV 
llSRJI.G.C 


RI.C 
A 


f:xtended Bit Addressing. The X051 can dircctly 
address 


144 general-purpose 
bits for all instructions 
in Figure 3.b. 


Similar operations 
may be extended 
to any bit anyw here 
on the chip with some loss of efficiency. 


The logical operations 
A!\'D. OR. and Exclusi\e-OR 
are 


performed 
on byte variables 
using six different addressing 


modes. 
one of which 
lets the snuree 
be an immediate 


mask. and the destination 
any directly addressable 
byte. 
Any bit mav thus be set. cleared. or complemented 
with a 


three-byte. 
two-cycle 
instruction 
if the mask has all bits 


but one set or cleared. 


Byte \·ariables. 
registers. and indirectly 
addressed 
RAM 


may be moved to a bit addressable 
register (usually 
the 
accumulator) 
in one instruction. 
Once transferred. 
the bits 


may be tested with a conditional 
jump. allowing any bit to 


be polled in 3 microseconds 
still much faster than most 
arehitectures- 
or used for logical 
calculations. 
(This 


technique 
can 
also 
simulate 
additional 
bit addressing 


modes with byte operations.) 


Paril.1'of hl'tes or hilS. The parity of the currcnt 
accumu- 
lator 
contents 
is always 
available 
in the PSW. 
from 


whence 
it may be moved 
to the carry and further 
pro- 


cessed. 
Error-correcting 
Hamming 
codes and similar 


applications 
require 
computing 
parity on groups 
of iso- 
lated bits. This can be done by conditionally 
complement- 


ing the carry flag based on those bits or by gathering 
the 


bits into the accumulator 
(as shown in the DES example) 
and then testing the parallel parity Oag. 


Multiple hrte shift and CRC codes. 


Though 
the 8051 serial port can accommodatc 
eight- or 


nine-bit data transmissions. 
some protocols 
involve much 


longer 
bit 
streams. 
The 
algorithms 
presented 
in Design 


Example 
2 can be extended 
quitc 
rcadily 
to 16 or morc 
bits 


by using 
multi-byte 
input 
and 
output 
buffcrs. 


Many 
mass 
data 
storagc 
periphcrals 
and 
serial 
communi- 


ca t ions 
protoco 
Is ine!ud 
e Cye! 
ic Red u nda ncy (C R C) 


codes 
to verify 
data 
intcgrity. 
The 
function 
is gcncrallv 


computcd 
serially 
by 
hardware 
using 
shift 
registers 
and 


Exclusi\e-OR 
gates. 
but 
it can 
be done 
"ith 
software. 
As 


each 
bit is received 
into 
the carr~. 
appropriatc 
bits 
in the 


multi-bytc 
data 
buffcr 
are 
conditionally 
complcmented 


baspd 
on the 
incoming 
data 
hit. 
Whcn 
finished. 
thc CRC 


register 
contcnts 
may 
be checked 
for 7ero 
by ORing 
the 


two 
bytes 
in the accumulator. 


4. SUMMARY 
A truly 
uniquc 
facct 
ofthc 
Intel 
MCS-51'· 
microcomputer 


family 
design 
is thc eollcction 
offeatures 
optimi/ed 
for the 


onc-bit 
opcrations 
so often 
dcsired 
in real~" 
orld. 
real-time 


control 
applications. 
Included 
arc 
17 special 
instructions. 


a 
Boolcan 
accumulator. 
implicit 
and 
direct 
addressing 


modes. 
program 
and mass data storage. 
and many 
I 0 


options. 
These 
are 
the 
world's 
first 
single-chip 
micro- 


computers 
able 
to efficiently 
manipulate. 
operate 
on. and 


transfer 
either 
bytes 
or indi\ 
idual 
bits as data. 


This 
Application 
Note 
has 
detailed 
thc 
information 


needed 
by a microcomputer 
system 
designer 
to make 
full 


use of these 
capabilities. 
Five 
design 
examples 
"ere 
used 


to contrast 
the 
solutions 
allowed 
by the 
R051 and 
those 


rcquired 
by 
pre\'ious 
architectures. 
Depending 
on 
the 


indi\'idual 
application. 
the R051 solution 
will be easier 
to 


design. 
more 
relia ble to implement. 
debug. 
and 
verify. 
use 


less program 
memor~. 
and 
run 
up to an order 
of magni- 


tude 
faster 
than 
the 
same 
function 
implemented 
on 
pre- 


vious 
digital 
computer 
architectures. 


Combining 
byte- 
and 
bit-handling 
capabilities 
in a single 


microcomputer 
has a strong 
svnergistic 
effect: 
the 
po\\er 


of the resull 
exceeds 
the pO\\er 
of byte- 
and 
bit-processors 


laboring 
indi\·idually. 
Virtually 
all 
user 
applications 
will 


benefit 
in some 
"ays 
from 
this 
duality. 
Data 
intcnsiw 


applications" 
ill use bit addressing 
for test pin monitoring 


or 
program 
control 
flags: 
control 
applications 
\\ ill use 


byte 
manipulation 
for 
parallel 
I 0 expansic,n 
or 
arith- 


metic 
calculations. 


It is hoped 
that 
these 
design 
examples 
give the 
reader 
an 
appreciation 
of these 
uni4uc 
features 
and suggest 
ways to 


exploit 
them 
in his or her 
own 
application. 


1515-11 
MCS-51 
MACRO 
ASSEMBLER 
Vl.0 
OBJECT 
MODULE 
PLACED 
IN 
.FO:AP70. 
HEX 
ASSEMBLER 
INVOKED 
BY: 
:fl. asm51 
ap70 
src 
date(328) 


LOC 
OBJ 
LINE 
SOURCE 


0090 
0091 
0092 
0093 
0094 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
+1 


0095 
0096 
0097 
OOAO 
OOAI 
00A2 


0020 
0000 
0007 


THE 
FOLLOWING 
PROGRAM 
USES 
THE 
BOOLEAN 
INSTRUCTION 
SET 
OF 
THE 
INTEL 
g051 
MICROCOMPUTER 
TO 
PERFORM 
A 
NUMBER 
OF 
AUTOMOTIVE 
DASHBOARD 
CONTROL 
FUNCTIONS 
RELATING 
TO 
TURN 
SIGNAL 
CONTROL, 
EMERGENCY 
BLINKERS. 
BRAKE 
LIGHT 
CONTROL, 
AND 
PARKING 
LIGHT 
OPERATION. 


THE 
ALGORITHMS 
AND 
HARDWARE 
ARE 
DESCRIBED 
IN 
DESIGN 
EXAMPLE 
.4 
OF 
INTEL 
APPLICATION 
NOTE 
AP-70, 
"USING 
THE 
INTEL 
MCS-51 
lTM) 
BOOLEAN 
PROCESSING 
CAPABILITIES" 


INPUT 
PIN 
DECLARATIONS: 


(ALL 
INPUTS 
ARE 
POSITIVE-TRUE 
LOGIC 
INPUTS 
ARE 
HIGH 
WHEN 
RESPECTIVE 
SWITCH 
CONTACT 
IS 
CLOSED 
) 


BRAKE 
BIT 
PI 
0 
EMERG 
BIT 
PI 
1 
PARK 
BIT 
PI 
2 
L_TURN 
BIT 
Pl. 3 
R-TURN 
BIT 
Pl. 4 


BRAKE 
PEDAL 
DEPRESSED 
EMERGENCY 
BLINKER 
ACTIVATED 
PARKING 
LIGHTS 
ON 
TURN 
LEVER 
DOWN 
TURN 
LEVER 
UP 


OUTPUT 
PIN 
DECLARATIONS: 


(ALL 
OUTPUTS 
ARE 
POSITIVE 
TRUE 
LOGIC 
BULB 
15 TURNED 
ON 
WHEN 
OUTPUT 
PIN 
IS HIGH. ) 


LfRNT 
BIT 
PI 
5 
FRONT 
LEFT-TURN 
INDICATOR 
R_FRNT 
BIT 
PI. 6 
FRONT 
RIGHT-TURN 
INDICATOR 
L_DASH 
BIT 
PI 
7 
DASHBOARD 
LEFT-TURN 
INDICATOR 
R_DASH 
BIT 
P2. 0 
DASHBOARD 
RIGHT-TURN 
INDICATOR 
L_REAR 
BIT 
P2. 1 
REAR 
LEFT-TURN 
INDICATOR 
R_REAR 
BIT 
P2 
2 
REAR 
RIGHT-TURN 
INDICATOR 


S_FAIL 
BIT 
P2. 3 
ELECTRICAL 
SYSTEM 
FAULT 
INDICATOR 


INTERNAL 
VARIABLE 
DEFINITIONS' 


SUB 
DIV 
DATA 
20H 
INTERRUPT 
RATE 
SUBDIVIDER 
HI JREG 
BIT 
SUB_DIV. 
0 
HIGH-FREGUENCY 
OSCILLATOR 
BIT 
LO_FREG 
BIT 
SUB_DIV. 
7 
LOW-FREGUENCY 
OSCILLATOR 
BIT 


DIM 
BIT 
PSW 
1 
PARKING 
LIGHTS 
ON 
FLAG 


OOOB 
OOOB 
7'8CFO 
OOOE 
CODO 
0010 
0154 


0040 
0040 
758AOO 
0043 
7:;8CFO 
0046 
758961 


0049 
7'20F4 
004C 
D2A9 
004E 
D2AF 
0050 
D28C 
0052 
80FE 


OO:;A 4390EO 
OO:;D 43AQ07 
0060 
C295 
0062 
20B428 
0065 
D295 
0067 
C297 
0069 
20B421 
006C 
D297 
006E 
C2Al 
0070 
20B41A 
0073 
D2Al 
007:; C296 
0077 
20B413 
007A 
D296 
007C 
C2AO 
007E 
20B40C 
0081 
D2AO 
0083 
C2A2 
0085 
20B405 
0088 
D2A2 


63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:; 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
9'2 
93 
94 
95 
96 
97 
98 
99 
+1 


ORG 
INIT: 
MOV 
MOV 
MOV 


ORG 
MOV 
PUSH 
AJMP 


MOV 
SETB 
SETB 
SETB 
SJMP 


ORL 
ORL 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 
CLR 
JB 
SETB 


OOOBH 
THO,II-16 
PSW 
UPDATE 


0040H 
TLO,1I0 
THO, 11-16 
TMOD,1I01100001B 


SUB_DIV, 
11244 
ETO 
EA 
TRO 
S 


PI. 1I11100000B 
P2,1I00000111B 
L_FRNT 
TO,FAULT 
L_FRNT 
L_DASH 
TO,FAULT 
L_DASH 
L_REAR 
TO,FAULT 
L_REAR 
R_FRNT 
TO,FAULT 
R_FRNT 
R_DASH 
TO,FAULT 
R_DASH 
R_REAR 
TO,FAULT 
R_REAR 


TIMER 
0 SERVICE 
VECTOR 
HIGH 
TIMER 
BYTE 
ADJUSTED 
TO 
CONTROL 
INT. 
RATE 
EXECUTE 
CODE 
TO 
SAVE 
ANY 
REGISTERS 
USED 
BELOW 
(CONTINUE 
WITH 
REST 
OF 
ROUTINE) 


ZERO 
LOADED 
INTO 
LOW-ORDER 
BYTE 
AND 
-16 
IN HIGH-ORDER 
BYTE 
GIVES 
4 MSEC 
PERIOD 
8-BIT 
AUTO 
RELOAD 
COUNTER 
MODE 
FOR 
TIMER 
I, 


16-BIT 
TIMER 
MODE 
FOR 
TIMER 
0 SELECTED 
SUBDIVIDE 
INTERRUPT 
RATE 
BY 
244 
FOR 
I HZ 
USE 
TIMER 
0 
OVERFLOWS 
TO 
INTERRUPT 
PROGRAM 
CONFIGURE 
IE TO 
GLOBALLY 
ENABLE 
INTERRUPTS 
KEEP 
INSTRUCTION 
CYCLE 
COUNT 
UNTIL 
OVERFLOW 
START 
BACKGROUND 
PROGRAM 
EXECUTION 


EXECUTE 
SYSTEM 
TEST 
ONLY 
ONCE 
PER 
SECOND 
GET 
VALUE 
FOR 
NEXT 
ONE 
SECOND 
DELAY 
AND 
GO 
THROUGH 
ELECTRICAL 
SYSTEM 
TEST 
CODE: 


SET 
CONTROL 
OUTPUTS 
HIGH 


FLOAT 
DRIVE 
COLLECTOR 
TO 
SHOULD 
BE 
PULLED 
LOW 
PULL 
COLLECTOR 
BACK 
DOWN 
REPEAT 
SEGUENCE 
FOR 
L__D,'SH, 


LOC 
OBJ 
LINE 
SOURCE 


100 
CONTINUE 
WITH 
INTERRUPT 
PROCESSING: 


101 
102 
1> 
COMPUTE 
LOW 
BULB 
INTENSITY 
WHEN 
PARKING 
LIGHTS 
ARE 
ON. 


103 
008F 
A201 
104 
TOSERV: 
MOV 
C, SUB_DIV. 
1 
START 
WITH 
50 
PERCENT, 
0091 
8200 
105 
ANL 
C,SUB_DIV.O 
MASK 
DOWN 
TO 
25 
PERCENT, 
0093 
7202 
106 
ORL 
C,SUB_DIV.2 
BUILD 
BACK 
TO 
62. 5 PERCENT, 
009:l 8292 
107 
ANL 
C,PARK 
GATE 
WITH 
PARKING 
LIGHT 
SWITCH, 
0097 
92Dl 
108 
MOV 
DIM,C 
AND 
SAVE 
IN 
TEMP. 
VARIABLE. 


109 
110 
2) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
DASHBOARD 
INDICATOR. 


111 
0099 
A293 
112 
MOV 
C, L_TURN 
SET 
CARRY 
IF 
TURN 
009B 
7291 
113 
ORL 
C,EMERG 
OR 
EMERGENCY 
SELECTED. 


009D 
8207 
114 
ANL 
C,LOJREG 
IF SO, 
GATE 
IN 
1 HZ 
SIGNAL 
009F 
9297 
115 
MOV 
L_DASH,C 
AND 
OUTPUT 
TO 
DASHBOARD. 


116 
117 
3) 
COMPUTE 
AND 
OUTPUT 
LEFT·-HAND 
FRONT 
TURN 
SIGNAL. 


118 
OOAI 
9205 
119 
MOV 
FO,C 
SAVE 
FUNCTION 
SO 
FAR. 


00A3 
7201 
120 
ORL 
C,DIM 
ADD 
IN PARKING 
LIGHT 
FUNCTION 
00A5 
9295 
121 
MOV 
L_FRNT, C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 


122 
123 
4) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
REAR 
TURN 
SIGNAL. 


0 
124 
W 
00A7 
A290 
125 
MOV 
C,BRAKE 
GATE 
BRAKE 
PEDAL 
SWITCH 
(,,) 
00A9 
B093 
126 
ANL 
C, IL_TURN 
WITH 
TURN 
LEVER. 


OOAB 
72D5 
127 
ORL 
C,FO 
INCLUDE 
TEMP. 
VARIABLE 
FROM 
DASH 
OOAD 
7201 
128 
ORL 
C,DIM 
AND 
PARKING 
LIGHT 
FUNCTION 
OOAF 
92AI 
129 
MOV 
L_REAR, C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 
130 
131 
5) 
REPEAT 
ALL 
OF 
ABOVE 
FOR 
RIGHT-HAND 
COUNTERPARTS. 


132 
OOBI 
A294 
133 
MOV 
C, R_TURN 
SET 
CARRY 
IF 
TURN 
00B3 
7291 
134 
ORL 
C,EMERG 
OR 
EMERGENCY 
SELECTED. 


00B5 
8207 
135 
ANL 
C,LOJREG 
IF 50, 
GATE 
IN 
I HZ 
SIGNAL 
00B7 
92AO 
136 
MOV 
R_DASH,C 
AND 
OUTPUT 
TO 
DASHBOARD. 


0069 
92D5 
137 
MOV 
FO,C 
SAVE 
FUNCTION 
50 
FAR. 
OOBB 
72DI 
138 
ORL 
C, DIM 
ADD 
IN PARKING 
LIGHT 
FUNCTION 
OOBD 
9296 
139 
MOV 
R_FRNT, C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 


OOBF 
A290 
140 
MOV 
C,BRAKE 
GATE 
BRAKE 
PEDAL 
SWITCH 
OOCI 
B094 
141 
ANL 
C,/R_TURN 
WITH 
TURN 
LEVER. 


00C3 
72D5 
142 
ORL 
C,FO 
INCLUDE 
TEMP. 
VARIABLE 
FROM 
DASH 
00C5 
72DI 
143 
ORL 
C,DIM 
AND 
PARKING 
LIGHT 
FUNCTION 
00C7 
92A2 
144 
MOV 
R_REAR, C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 


145 
146 
RESTORE 
STATUS 
REGISTER 
AND 
RETURN. 


147 
00C9 
DODO 
148 
POP 
PSW 
RESTORE 
PSW 
OOCB 
32 
149 
RETI 
AND 
RETURN 
FROM 
INTERRUPT 
ROUTINE 
150 
~51 
END 


XREF 
5YMBOL 
TABLE 
LI5TING 
---- 
------ 
----- 
------- 


NAME 
TYPE 
VALUE 
AND 
REFERENCE5 


BRAKE 
N 
B5EG 
0090H 
2011 125 
140 
DIM 
N 
B5EG 
00D1H 
4511 108 
120 
128 
138 
143 
EA. 
N 
B5EG 
OOAFH 
64 
EMERG 
N 
B5EG 
0091H 
2111 113 
134 
ETO 
N 
B5EG 
00A9H 
63 
FO. 
N 
B5EG 
00D5H 
119 
127 
137 
142 
FAULT 
L 
C5EG 
008DH 
75 
78 
81 
84 
87 
90 
97# 
HI_FREG 
N 
BSEG 
OOOOH 
42# 
INIT. 
L 
CSEG 
0040H 
50 
58# 
L_DASH. 
N 
B5EG 
0097H 
32# 
77 
79 
115 
L_FRNT. 
N 
BSEG 
0095H 
30# 
74 
76 
121 
L_REAR. 
N 
BSEG 
00A1H 
34# 
80 
82 
129 
L_TURN. 
N 
BSEG 
0093H 
23# 
112 
126 
Z 
LO_FREG 
N 
BSEG 
0007H 
43# 
114 
135 
~ 
PI. 
N 
DSEG 
0090H 
20 
21 22 23 
24 30 
31 32 
72 
P2 
N 
D5EG 
OOAOH 
33 
34 
35 
37 
73 
PARK. 
N 
BSEG 
0092H 
22 •• 107 
PSW 
N 
DSEG 
OODOH 
45 
54 
148 
R_DASH. 
N 
BSEG 
OOAOH 
33# 
86 
88 
136 
RJRNT. 
N 
BSEG 
0096H 
3111 83 
85 
139 
R_REAR. 
N 
BSEG 
00A2H 
3511 89 
91 
144 
R_TURN 
N BSEG 
0094H 
24# 
133 
141 
SJAIL. 
N BSEG 
00A3H 
37# 
97 
SUB_DIV 
N D5EG 
0020H 
41# 
42 
43 
62 
69 
70 
104 
105 
106 
TO. 
N 
BSEG 
00B4H 
75 
78 
81 
84 
87 
90 
96 
TOSERV. 
L CSEG 
008FH 
69 
96 
104# 
THO 
N 
D5EG 
008CH 
53 
59 
TLO 
N 
DSEG 
008AH 
58 
TMOD. 
N 
DSEG 
0089H 
60 
TRO 
N 
BSEG 
008CH 
65 
UPDATE 
L 
C5EG 
0054H 
55 
69# 


ASSEMBLY 
COMPLETE. 
NO 
ERRORS 
FOUND 


CMOS Evolves. 
. . . . . . . . 
. 


What Is CHMOS? 
. . . . . . . 
. 


The MCS·51 
Family In CHMOS. 
. 
. 


Latchup 
. . . . . . . . . . . . . . . . . . . . . . . 


Logic Levels and Interfacing 
Problems 
... 


Noise Considerations 
. . . . . . . . . . . . . . 


Unused Pins . . . . . . . . . . . . . . . . . . . . 
Pullup Resistors. 
. . . . . . . . . . . . . . . . . 


Pulldown 
Resistors. 
. . . . . . . . . . . . . . . 


Drive Capability 
of the Internal Pullups 
. . . 


Power Consumption 
. . . . . . . . . 
. 
Idle 
. 


Power Down. 
. . . . . . . . . . . . . . . . . 


Using the Power Down Mode 
. 


Using Power MOSFETs to Control VCC 
.. 


Battery Backup Systems 
. . . . . . . . . . . . 


Power Switchover 
Circuits. 
. . . . . . . . . 


80C31BH 
+ CHMOS 
EPROM 
. 


Scanning 
a Keyboard 
. . . . . . . . . . . . . . 


Driving an LCD 
. . . . . . . . . . . . . . . . . . 


Using an LCD Driver . . . . . . . . . . . . . 


Resonant 
Transducers. 
. . . . . . . . . . . . . 


Frequency 
Measurements. 
. . . . • . . . . 


Period Measurements 
. . . . . . . . . . . . 


Pulse Width Measurements 
. . . . . . . . . 


HMOS/CHMOS 
Interchangeability 
. . . . . . . 


External Clock Drive 
. . . . . . . . . . . . . 


Unused Pins. 
. . . . . . . . . . . . . . . . . 


Logic Levels 
. . . . . . . . . . . . . . . . . . . 


Idle and Power Down. 
. . . . . . . . . . . . 


The 
original 
CMOS 
logic families 
were 
the 4000- 
series 
and the 74C-series 
circuits. 
The 74C-series 
circuits are functional 
equivalents 
to the correspond- 
ingly 
numbered 
74-series 
TTL 
circuits, 
but 
have 
CMOS 
logic levels and retain the other well known 
characteristics 
of CMOS logic. 


These 
characteristics 
are: low power consumption, 
high noise immunity, and slow speed. The low power 
consumption 
is inherent to the nature of the CMOS 
circuit. The noise immunity is due partly to the CMOS 
logic levels, and partly to the slowness of the circuits. 
The slow speed 
is due to the technology 
used to 
construct 
the transistors 
in the circuit. 


The technology 
used is called metal-gate CMOS, be- 
cause the transistor 
gates are formed by metal de- 
position. More importantly, the gates are formed after 
the drain and source regions have been defined, and 
must overlap the source and drain somewhat to allow 
for alignment 
tolerances. 
This overlap plus the rela- 
tively large size of the transistors 
themselves 
result 
in high electrode capacitance, 
and that is what limits 
the speed of the circuit. 


High speed CMOS became feasible with the devel- 
opment 
of the self-aligning 
silicon gate technology. 
In this process polysilicon gates are deposited before 
the source and drain regions are defined. Then the 
source and drain regions are formed by ion implan- 
tation using the gate itself as a mask for the implan- 
tation. 
This eliminates 
most of the overlap 
capaci- 
tance. 
In addition, 
the 
process 
allows 
smaller 
transistors. 
The result is a significant 
increase in cir- 
cuit speed. The 74HC-series 
of CMOS logic circuits 
is based on this technology, 
and has speeds com- 
parable 
to LS TTL, which is to say about 10 times 
faster than the 74C-series 
circuits. 


The 
size 
reduction 
that 
contributes 
to the 
higher 
speed also demands 
an accompanying 
reduction in 
the maximum 
supply voltage. 
High-speed 
CMOS is 
generally 
limited to 6V. 


CHMOS 
is the 
name 
given 
to 
Intel's 
high-speed 
CMOS processes. There are two CHMOS processes, 
one based on an n-well structure and one based on 
a p-well structure. 
In the n-well structure, n-type wells 
are diffused into a p-type substrate. Then the n-chan- 
nel transistors 
(nFETs) are built into the substrate and 
pFETs are built into the n-wells. In the p-well struc- 
ture, 
p-type 
wells are diffused 
into an n-type sub- 
strate. Then the nFETs are built into the wells and 


pFETs, into the substrate. 
Both processes 
have their 
advantages 
and disadvantages, 
which 
are largely 
transparent 
to the user. 


Lower operating voltages are easier to obtain with the 
p-well structure than with the n-well structure. But the 
p-well structure does not easily adapt to an EPROM 
which 
would 
be pin-for-pin 
compatible 
with HMOS 
EPROMs. On the other hand the n-well structure can 
be based on the solidly founded 
HMOS process, 
in 
which nFETs are built into a p-type substrate. 
This 
allows somewhat 
more than half of the transistors 
in 
a CHMOS 
chip to be constructed 
by processes 
that 
are already well characterized. 


Currently 
Intel's CHMOS microcontrollers 
and mem- 
ory products 
are n-well devices, 
whereas 
CHMOS 
microprocessors 
are p-well devices. 


Further discussion 
of the CHMOS technology 
is pro- 
vided in references 
1 and 2 (which are reprinted 
in 
the Microcontroller 
Handbook). 


The 80C51 BH is the CHMOS version of Intel's orig- 
ina18051. 
The 80C31BH 
is the ROMless 80C51BH, 


equivalent 
to the 8031. These CHMOS 
devices are 
architecturally 
identical 
with 
their 
HMOS 
counter- 
parts, except that they have two added features for 
reduced power. These are the Idle and Power Down 
modes of operation. 


In most cases, an 80C51 BH can directly replace the 
8051 in existing applications. 
It can execute the same 
code 
at the same 
speed, 
accept 
signals 
from the 
same sources, 
and drive the same loads. However, 


the 80C51 BH covers 
a wider range of speeds, will 
emit CMOS logic levels to CMOS loads, and will draw 
about 1/10 the current of an 8051 (and less yet in the 
reduced 
power modes). 
Interchangeability 
between 
the HMOS and CHMOS devices is discussed in more 
detail in the final section of this Application 
Note. 


It should be noted that the 80C51 BH CPU is not static. 
That means if the clock frequency is too low, the CPU 
might forget what it was doing. This is because the 
circuitry uses a number of dynamic nodes. A dynamic 
node is one that uses the node-to-ground 
capacitance 
to form a temporary 
storage cell. Dynamic nodes are 
used to reduce the transistor 
count, and hence the 
chip area, thus to produce a more economical device. 


This is not to say that the on-chip 
RAM in CHMOS 
microcontrollers 
is dynamic. It's not. It's the CPU that 
is dynamic, 
and that is what imposes 
the minimum 
clock frequency 
specification. 


Latchup is an SCR-type 
turn-on phenomenon 
that is 
the traditional 
nemesis of CMOS systems. The sub- 
strate, 
the wells, 
and the transistors 
form parasitic 
pnpn structures 
within 
the device. 
These 
parasitic 
structures 
turn on like an SCR if a sufficient amount 
of forward current is driven through one of the junc- 
tions. From the circuit designer's 
point of view it can 
happen whenever 
an input or output pin is externally 
driven a diode drop above VCC or below VSS, by a 
source that is capable of supplying the required trig- 
ger current. 


However much of a problem latchup has been in the 
past, it is good to know that in most recently devel- 
oped CMOS devices, and specifically 
in CHMOS de- 
vices, the current required to trigger latchup is typi- 
cally well over 
100 mA. The 80C51BH 
is virtually 
immune 
to latchup. 
(References 
1 and 2 present a 
discussion 
of the latchup mechanisms 
and the steps 


that are taken on the chip to guard against it.) Modern 
CMOS is not absolutely 
immune to latch up, but with 


trigger 
currents 
in the hundreds 
of mA, latchup 
is 
certainly 
a lot easier to avoid than it once was. 


A careless power-up sequence might trigger a latchup 
in the older CMOS families, 
but it's unlikely to be a 
major problem 
in high-speed 
CMOS or in CHMOS. 


There 
is still some 
risk incurred 
in inserting 
or re- 
moving chips or boards in a CMOS system while the 
power is on. Also, severe transients, 
such as induc- 


tive kicks or momentary 
short-circuits, 
can exceed 


the trigger current for latchup. 


For applications 
in which some latchup risk seems 
unavoidable, 
you can put a small resistor (100 ohms 
or so) in series with signal lines to ensure that the 
trigger current will never be reached. This also helps 
to control overshoot 
and RFI. 


First, for equal supply 
voltages, 
CMOS 
gives (and 
requires) a higher "logic 1" level than TTL. Secondly, 
CMOS 
logic levels 
are VCC 
(or VOO) dependent, 
whereas guaranteed 
TTL logic levels are fixed when 
VCC is within TTL specs. 


Standard 
74HC logic levels are as follows: 


V'HM1N = 70% of VCC 
VilMAX = 20% of Vcc 


VoHMIN = Vcc 
- 
o.lV, 
II0HI,,;; 
20 JJA 


VOLMAX = o.lV, 
Ilod 
,,;; 20 JJA 


Figure 1 compares 
74HC, LS TTL, and 74HCT logic 
levels with those of the HMOS 8051 and the CHMOS 
80C51BH 
for VCC = 5V. 


Output logic levels depend of course on load current, 
and are normally 
specified 
at several load currents. 
When 
CMOS 
and TTL 
are powered 
by the same 
VCC, the logic levels guaranteed 
on th~ data sheets 
indicate that CMOS can drive TTL, but TTL can't drive 
CMOS. 
The incompatibility 
is that the TTL circuit's 
VOH level is too low to reliably be recognized 
by the 
CMOS circuit as a valid VIH. 


Since 
HMOS 
circuits 
were 
designed 
to 
be TTL- 
compatible, 
they have the same incompatibility. 


Fortunately, 
74HCT-series 
circuits 
are available 
to 
ease 
these 
interfacing 
problems. 
They 
have TTL- 
compatible 
logic levels 
at the inputs 
and standard 
CMOS levels at the outputs. 


The 80C51 BH is designed to work with either TTL or 
CMOS. Therefore 
its logic levels are specified 
very 
much like 74HCT circuits. That is, its input logic levels 
are TTL-compatible, 
and its output characteristics 
are 
like standard 
high-speed 
CMOS. 


Noise Considerations 


One of the major reasons 
for going to CMOS 
has 
traditionally 
been that CMOS 
is less susceptible 
to 
noise. As previously 
noted, its low susceptibility 
to 


VCC = 5V 
Logic 
State: 
74HC 
74HCT 
LS TTL 
8051 
80C51BH 


VIH 
3.5V 
2.0V 
2.0V 
2.0V 
1.9V 


VIL 
1.0V 
0.8V 
0.8V 
0.8V 
0.9V 


VOH 
4.9V 
4.9V 
2.7V 
2AV 
4.5V 


VOL 
0.1V 
0.1V 
0.5V 
OA5V 
OA5V 


Figure 
1. Logic 
Level Comparison. 
(Output 
voltage 
levels 
depend 
on load current. 
Data sheets 
list 
guaranteed 
output 
levels 
for several 
load currents. 
The output 
levels 
listed 
here are 
for minimum 
loading.) 


noise is partly 
due to superior 
noise margins, 
and 
partly due to its slow speed. 


Noise margin is the difference between VOL and VIL, 
or between VOH and VIH. If VOH from a driving circuit 
is 2.7V and VIH to the driven circuit is 2.0V, then the 
driven circuit has 0.7V of noise margin at the logic 
high level. These kinds of comparisons 
show that an 
all-CMOS 
system 
has wider noise margins than an 
all-TTL system. 


Figure 2 shows noise margins in CMOS and LS TTL 
systems when both have VCC = 5V. It can be seen 
that 
CMOS/CMOS 
and 
CMOS/CHMOS 
systems 
have an edge over LS TTL in this respect. 


Noise margins can be misleading, 
however, because 
they don't 
say how much noise energy 
it takes to 
induce in the circuit a noise voltage of sufficient am- 
plitude to cause a logic error. This would involve con- 
sideration of the width of the noise pulse as compared 
with the circuit's response speed, and the impedance 
to ground from the point of noise introduction 
in the 
circuit. 


When these considerations 
are included, 
it is seen 
that using the slower 74C- and 4000-series 
circuits 
with a 12 or 15 volt supply voltage does offer a truly 
improved level of noise immunity, but that high-speed 
CMOS at 5V is not significantly 
better than TTL. 


One should not mistake the wider supply voltage tol- 
erance of high-speed 
CMOS for VCC glitch immunity. 
Supply voltage tolerance 
is a DC rating, not a glitch 
rating. 


For any clocked CMOS, and most especially for VLSI 
CMOS, 
VCC decoupling 
is critical. 
CHMOS 
draws 


Noise 
Margin 
for 
VCC = 5V 
Interface 
Logic 
Low 
Logic 
High 


VIL-VOL 
VOH-VIH 


74HC to 74HC 
0.9V 
1.4V 


LSTTL to LSTTL 
0.3V 
0.7V 


LSTTL to 74HCT 
0.3V 
0.7V 


LSTTL to 80C51 BH 
0.3V 
0.7V 


74HC to 80C51BH 
0.8V 
3.0V 


80C51BH 
to 74HC 
0.8V 
1.0V 


Figure 
2. Noise 
margins 
for CMOS and LS TTL 
circuits. 


current in extremely sharp spikes at the clock edges. 
The VHF and UHF components 
of these spikes are 
not drawn from the power supply, but from the de- 
coupling capacitor. 
If the decoupling 
circuit is not suf- 
ficiently 
low in inductance, 
VCC will glitch at each 
clock edge. We suggest that a 0.1 JLFdecoupler cap 
be used in a minimum-inductance 
configuration 
with 
the microcontroller. 
A minimum-inductance 
configu- 
ration 
is one that 
minimizes 
the area 
of the loop 
formed by the chip (VCC to VSS), the traces to the 
decoupler 
cap, and the decoupler 
cap. PCB design- 
ers too often fail to understand 
that if the traces that 
connect the decoupler 
cap to the VCC and VSS pins 
aren't short and direct, the decoupler 
loses much of 
its effectiveness. 


Overshoot 
and ringing 
in signal 
lines are potential 
sources 
of logic upsets. These can largely be con- 
trolled 
by 
circuit 
layout. 
Inserting 
small 
resistors 
(about 100 ohms) in series with signal lines that seem 
to need them will also help. 


The sharp edges produced by high-speed CMOS can 
cause RFI problems. The severity of these problems 
is largely a function of the PCB layout. We don't mean 
to imply that all RFI problems 
can be solved 
by a 
better PCB layout. It may well be, for example, 
that 
in some RFI-sensitive 
designs high-speed 
CMOS is 
simply not the answer. But circuit layout is a critical 
factor in the noise performance 
of any electronic sys- 
tem, and more so in high-speed CMOS systems than 
others. 


Circuit 
layout techniques 
for minimizing 
noise sus- 
ceptibility and generation are discussed in references 
3 through 6. 


CMOS input pins should not be left to float, but should 
always be pulled to one logic level or the other. If they 
float, they tend to float into the transition 
region be- 
tween 0 and 1, where the pullup and pulldown devices 
in the input buffer are both conductive. 
This causes 
a significant 
increase 
in ICC' A similar effect exists 
in HMOS circuits, but with less noticeable 
results. 


In 80C51 BH and 80C31 BH designs, 
unused pins of 
Ports 1, 2, and 3 can be ignored, because they have 
internal pullups that will hold them at a valid Logic 1 
level. Port 0 pins are different, however, in not having 
internal pullups (except during bus operations). 


When the 80C51 BH is in reset, the Port 0 pins are 
in a float state unless they are externally 
pulled up 
or down. If it's going to be held in reset for just a short 
time, the transient float state can probably be ignored. 
When it comes out of reset, the pins stay afloat unless 


they are externally 
pulled either up or down. Alter- 
natively, the software can internally write Os to what- 
ever Port 0 pins may be unused. 


The 
same 
considerations 
are 
applicable 
to the 
80C31 BH with 
regards 
to reset. 
But when 
the 
80C31 BH comes out of reset, it commences 
bus op- 
erations, during which the logic levels at the pins are 
always well defined as high or low. 


Consider 
the 80C31 BH in the Power Down or Idle 
modes, 
however. 
In those modes 
it is not fetching 


instructions, 
and the Port 0 pins will float if not ex- 
ternally pulled high or low. The choice of whether to 
pull them high or low is the designer's. 
Normally it is 
sufficient 
to pull them up to VCC with 10k resistors. 
But if power is going to be removed from circuits that 
are connected 
to the bus, it will be advisable to pull 
the bus pins down (normally with 10k resistors). Con- 
siderations 
involved in selecting pullup and pulldown 
resistor values are as follows. 


R 
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Figure 
3a. Conditions 
defining 
the minimum 
value for R. PO.X Is emitting 
a logic 
low. R must 
be large enough 
to not cause 
IOl 
to exceed 
data sheet 
specifications. 
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Figure 
3b. Conditions 
defining 
the maximum 
value for R. PO.X Is In a high 
Impedance 
state. 
R must 
be small 
enough 
to keep VOH 
acceptably 
high. 


If a pullup resistor is to be used on a Port 0 pin, its 
minimum 
value is determined 
by IOL requirements. 


If the pin is trying to emit a 0, then it will have to sink 
the current 
from the pullup 
resistor 
plus whatever 
other current 
may be sourced 
by other loads con- 
nected to the pin, as shown in Figure 3A, while main- 
taining a valid output low (VoLl. 
To guarantee 
that 
the pin voltage 
will not exceed 
0.45V, the resistor 
should be selected 
so that IOL doesn't 
exceed the 
value specified 
on the data sheet. 
In most CMOS 
applications, 
the minimum 
value would be about 2k 
ohms. 


The maximum value you could use depends on how 
fast you want the pin to pull up after bus operations 
have ceased, and how high you want the VOH level 
to be. The smaller the resistor the faster it pulls up. 
Its effect on the VOH level is that VOH 
= VCC 
- 


(Ill + IIH) x R. III is the input leakage current to the 
Port 0 pin, and IIH is the input high current to the 
external loads, as shown in Figure 3B. Normally VOH 
can be expected to reach 0.9VCC if the pullup resis- 
tance does not exceed about 50k ohms. 


If a pulldown 
resistor is to be used on a Port 0 pin, 


its minimum 
value 
is determined 
by VOH require- 
ments during bus operations, 
and its maximum value 
is in most cases determined 
by leakage current. 


During bus operations 
the port uses internal pullups 
to emit 1s. The D.C. Characteristics 
in the data sheet 
list guaranteed 
VOH levels for given IOH currents. 


(The "." sign in the IOH value means the pin is sourc- 
ing that current 
to the external 
load, as shown 
in 
Figure 4.) To ensure the VOH level listed in the data 
sheet, the resistor has to satisfy 


SOCSlBH 
JQ!i.-. 
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10H = VOH + IIH 
R 


Figure 
4a. Conditions 
defining 
the minimum 
value for R. PO.X is emitting 
a 1 In a bus 
operation. 
R must 
be large enough 
to not cause 
IOH to exceed 
data sheet 
specifications. 


where 
IIH is the input high current 
to the external 
loads. 


When the pin goes into a high impedance 
state, the 
pulldown 
resistor 
will have to sink leakage 
current 
from the pin, plus whatever 
other current 
may be 
sourced 
by other 
loads 
connected 
to the pin, as 
shown in Figure 48. The Port 0 leakage current is III 
on the data sheet. The resistor should be selected 
so that the voltage developed 
across it by these cur- 
rents will be seen as a logic low by whatever circuits 
are 
connected 
to 
it (including 
the 
80C51 BH). 
In 
CMOS/CHMOS 
applications, 
50k ohms is normally a 
reasonable 
maximum 
value. 


8OC51 BH 
..JJ:L.. 
.-!!L 
po.xt----....----E~~:~tL 


Figure 
4b. Conditions 
defining 
the maximum 
value for R. PO.X is in a high 
Impedance 
state. 
R must 
be small 
enough 
to keep VOL 
acceptably 
low. 


There's an important 
difference 
between HMOS and 
CHMOS 
port drivers. The pins of Ports 1, 2, and 3 
of the CHMOS parts each have three pullups: strong, 
normal, and weak, as shown in Figure 5. The strong 
pullup (p1) is only used during 0-to-1 transitions, 
to 
hasten 
the transition. 
The weak 
pullup 
(p2) is on 
whenever 
the bit latch contains 
a 1. The "normal" 
pullup (p3) is controlled 
by the pin voltage itself. 


The reason that p3 is controlled 
by the pin voltage is 
that if the pin is being 
used as an input, and the 
external source pulls it to a low, then turning off p3 
makes for a lower IlL. The data sheet shows an "ITL" 
specification. 
This is the current that p3 will source 
during the time the pin voltage 
is making its 1-to-0 
transition. 
This is what IlL would be if an input low at 
the pin didn't turn p3 off. 


Note, however, that this p3 turn-off mechanism 
puts 
a restriction on the drive capacity of the pin if it's being 
used as an output. 
If you're trying to output a logic 
high, and the external load pulls the pin voltage below 
the pin's VIHMIN spec, p3 might turn off, leaving only 
the weak p2 to provide drive to the load. To prevent 
this happening, 
you need to ensure 
that the load 
doesn't draw more than the IOH spec for a valid VOH. 
The idea is to make sure the pin voltage never falls 
below its own VIHMIN specification. 


Power Consumption 


The main reason for going to CMOS, of course, is to 
conserve 
power. (There are other reasons, 
but this 


a 
FROM 
PORT 
LATCH 


is the main one.) Conserving 
power doesn't 
mean 


just reducing your electric bill. Nor does it necessarily 
relate to battery operation, although battery operation 
without 
CMOS 
is pretty unhandy. 
The main reason 


for conserving 
power is to be able to put more func- 


tionality 
into a smaller 
space. 
The reduced 
power 


consumption 
allows 
the use of smaller 
and lighter 


power supplies, and less heat being generated allows 
denser packaging 
of circuit components. 
Expensive 


fans and blowers can usually be eliminated. 


A cooler running chip is also more reliable, since most 
random and wearout 
failures 
relate to die tempera- 


ture. And finally, the lower power dissipation will allow 
more functions 
to be integrated 
onto the chip. 


The reason CMOS consumes less power than NMOS 
is that when it's in a stable state there is no path of 
conduction 
from VCC to VSS except through various 


leakage 
paths. CMOS 
does draw current when it's 


changing states. How much current it draws depends 
on how often and how quickly it changes states. 


logical transitions. 
These current spikes are made up 
of two components. 
One is the current that flows dur- 


ing the transition time when pullup and pulldown FETs 
are both active. The average (DC) value of this com- 
ponent is larger when the transition times of the input 
signals are longer. For this reason, if the current draw 
is a critical factor in the design, slow rise and fall times 
should 
be avoided, 
even when the system 
speed 
doesn't seem to justify a need for nanosecond switch- 
ing speeds. 


The other component 
is the current that charges stray 
and load capacitance 
at the nodes of a CMOS logic 
gate. The average 
value of this current spike is its 
area (integral over time) multiplied by its rep rate. Its 
area is the amount of charge it takes to raise the node 
capacitance, 
C, to VCC' 
That amount 
of charge 
is 
just C x VCC' 
So the average 
value of the current 


spike is C x VCC x f, where f is the clock frequency. 


This 
component 
of current 
increases 
linearly 
with 


clock 
frequency. 
For 
minimal 
current 
draw, 
the 
80C51 BH-2 is spec'd to run at frequencies 
as low as 


500kHz. 


Keep in mind, though, that other component of current 
that is due to slow rise and fall times. A sinusoid 
is 


not the optimal waveform to drive the XTAL 1 pin with. 
Yet 
crystal 
oscillators, 
including 
the 
one 
on 
the 


80C51 BH, 
generate 
sinusoidal 
waveforms. 
There- 


fore, if the on-chip oscillator 
is being used, you can 
expect the device 
to draw more current 
at 500kHz 
than it does at 1.5MHz, as shown in Figure 6. If you 
derive a good sharp square wave from an external 
oscillator, 
and use that to drive XTAL 1, then the mi- 
crocontroller 
will draw less current. But the external 
oscillator will probably make up the difference. 


The 80C51 BH has two power-saving 
features 
not 
available 
in the HMOS devices. 
These are the Idle 


and Power Down modes of operation. 
The on-chip 


hardware 
that 
implements 
these 
reduced 
power 


modes is shown in Figure 7. Both modes are invoked 
by software. 


INTERRUPT 
SERIAL 
PORT 
TIMER/COUNTERS 


Idle: In the Idle Mode (IDL = 0 in Figure 7), the CPU 
puts 
itself to sleep 
by gating 
off its own clock. 
It 
doesn't 
stop the oscillator. 
It just stops the internal 
clock signal from getting to the CPU. Since the CPU 
draws 80 to 90 percent of the chip's power, shutting 
it off represents a fairly significant power savings. The 
on-chip 
peripherals 
(timers, 
serial 
port, 
interrupts, 
etc.) and RAM continue 
to function 
as normal. The 
CPU status 
is preserved 
in its entirety: 
the Stack 
Pointer, Program Counter, Program Status Word, Ac- 
cumulator, 
and all other registers maintain their data 
during Idle. 


The Idle Mode is invoked by setting bit 0 (IDL) of the 
PCON register. PCON is not bit-addressable, 
so the 
bit has to be set by a byte operation, 
such as 


ORL 
PCON,#l 


The PCON register also contains 
IIag bits GFO and 
GF1, which can be used for any general 
purposes, 
or to give an indication if an interrupt occurred during 
normal 
operation 
or during 
Idle. In this application, 
the instruction that invokes Idle also sets one or both 
of the flag bits. Their status can then be checked in 
the interrupt 
routines. 


While the device is in the Idle mode, ALE and PSEN 
emit logic high (VOH), as shown in Figure 8. This is 
so external 
EPROM can be deselected 
and have its 
output disabled. 


The port pins hold the logical states they had at the 
time the Idle was activated. 
If the device was exe- 
cuting out of external program memory, Port 0 is left 
in a high impedance 
state and Port 2 continues 
to 
emit the high byte of the program counter (using the 
strong pullups to emit 1s). If the device was executing 
out of internal program 
memory, 
Ports 0 and 2 con- 
tinue to emit whatever 
is in the PO and P2 registers. 


There 
are two ways to terminate 
Idle. Activation 
of 
any enabled interrupt will cause the hardware to clear 
bit 0 of the PCON register, terminating 
the Idle mode. 


The interrupt will be serviced, and following 
RETI the 
next instruction to be executed will be the one follow- 
ing the instruction 
that invoked 
Idle. 


The other way is with a hardware 
reset. Since the 
clock oscillator 
is still running, RST only needs to be 
held active for two machine cycles (24 oscillator 
pe- 
riods) to complete 
the reset. Note that this exit from 
Idle writes 
1s to all the ports, initializes 
all SFRs to 
their reset values, 
and restarts 
program 
execution 
from location O. 


Power 
Down: 
In the Power Down Mode (PO = 0 in 
Figure 7), the CPU puts the whole chip to sleep by 
turning off the oscillator. 
In case it was running from 
an external oscillator, 
it also gates off the path to the 
internal phase generators, 
so no internal clock is gen- 
erated even if the external 
oscillator 
is still running. 


The on-chip 
RAM, however, 
saves its data, as long 
as VCC is maintained. 
In this mode the only ICC that 
flows is leakage, which is normally in the micro-amp 
range. 


The Power Down Mode is invoked by setting bit 1 in 
the PCON register, using a byte instruction 
such as 


ORL 
PCON,#2 


While the device is in Power Down, ALE and PSEN 
emit lows (VoU, 
as shown in Figure 8. The reason 
they are designed 
to emit lows is so that power can 
be removed 
from the rest of the circuit, 
if desired, 
while the 80C51 BH is in its Power Down mode. 


The port pins continue 
to emit whatever 
data was 
written to them. Note that Port 2 emits its P2 register 
data even if execution 
was from external 
program 
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Figure 
8. Status 
of Pins in Idle and Power 
Down 
Modes. 
"SFR data" 
means 
the port 
pins emit their 
internal 
register 
data. "PCH" 
is the high 
byte of the Program 
Counter. 
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memory. 
Port 0 also emits its PO register data, but if 
execution 
was from external 
program 
memory, 
the 
PO register data is FF. The oscillator 
is stopped, and 
the part remains in this state as long as VCC is held, 
and until it receives an external reset signal. 


The only exit from Power Down is a hardware reset. 
Since the oscillator 
was stopped, 
RST must be held 
active long enough 
for the oscillator 
to re-start and 
stabilize. 
Then 
the reset function 
initializes 
all the 
Special Function Registers (ports, timers, etc.) to their 
reset values, and re-starts the program from location 
O. Therefore, 
timer reloads, interrupt enables, 
baud 
rates, port status, etc. need to be re-established. 
Re- 
set does not affect the content 
of the on-chip 
data 
RAM. If VCC was held during Power Down, the RAM 
data is still good. 


The software-invoked 
Power Down feature offers a 
means of reducing the power consumption 
to a mere 
trickle 
in systems 
which 
are to remain dormant 
for 
some period of time, while retaining important 
data. 


The user should give some thought to what state the 
port pins should be left in during the time the clock 
is stopped, and write those values to the port latches 
before invoking 
Power Down. 


If VCC is going to be held to the entire circuit, one 
would want to write values to the port latches that 
would 
deselect 
peripherals 
before 
invoking 
Power 
Down. For example, if external memory is being used, 
the P2 SFR should be loaded with a value which will 
not generate 
an active chip select to any memory 
device. 


In some applications, 
VCC to part of the system may 
be shut off during Power Down, so that even quies- 
cent and standby currents are eliminated. Signal lines 
that connect to those chips must be brought to a logic 
low, whether the chip in question 
is CMOS, NMOS, 
or TJL, 
before VCC is shut off to them. CMOS pins 
have parasitic pn junctions to VCC, which will be for- 
ward biased if VCC is reduced to zero while the pin 
is held at a logic high. NMOS pins often have FETs 
that look like diodes to VCC. TTL circuits may actually 
be damaged by an input high if VCC = O.That's why 
the 80C51BH 
outputs lows at ALE and PSEN during 
Power Down. 


Figure 9 shows a circuit that can be used to turn VCC 
off to part of the system 
during 
Power 
Down. The 
circuit will ensure that the secondary 
circuit is not de- 
energized 
until after the 80C31 BH is in Power Down, 
and that the 80C31 BH does not receive a reset (ter- 
minating the Power Down mode) before the second- 
ary circuit 
is re-energized. 
Therefore, 
the program 
memory 
itself can be part of the secondary 
circuit. 


Figure 9. The 80C31 BH de-energizes 
part of the circuit 
(VCC2) when it goes into Power Down. 
Selections 
of Rand 
Q2 depend on VCC2 current 
draw. 


jrnml~capacitor 
C1 provides 
a power-on 
reset. 


The reset function writes 1s to all the port pins. The 
1 at P2.6 turns 01 on, enabling VCC to the secondary 
circuit through transistor 02. As the 80C31 BH comes 
out of reset, Port 2 commences 
emitting the high byte 
of the Program Counter, which results in the P2.7 and 
P2.6 pins outputting 
Os. The 0 at P2.7 ensures con- 


tinuation 
of VCC to the secondary 
circuit. 


The system software must now write a 1 to P2.7 and 
a 0 to P2.6 in the Port 2 8FR, P2. These values will 
not appear at the Port 2 pins as long as the device 
is fetching 
instructions 
from external program mem- 
ory. 
However, 
whenever 
the 
80C31 BH goes 
into 
Power 
Down, these 
values 
will appear 
at the port 
pins, and will shut off both transistors, 
disabling VCC 
to the secondary 
circuit. 


Closing 
the switch 
81 
re-energizes 
the secondary 
circuit, and at the same time sends a reset through 
C2 to the 80C31 BH to wake it up. The diode D1 is 
to prevent 
C1 from hogging current from C2 during 
this secondary 
reset. D2 prevents C2 from discharg- 
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Figure 10. Using power MOSFETs to control 
VCC2. 
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Using Power MOSFETs to Control Vcc 
Power M08FETs 
are gaining in popularity (and avail- 


ability). The easiest way to control VCC is with a Logic 
Level pFET, as shown in Figure 10A. This circuit al- 
lows the full VCC to be used to turn the device on. 
Unfortunately, 
power 
pFETs 
are not economically 


competitive 
with 
bipolar 
transistors 
of comparable 


ratings. 


Power nFETs are both economical and available, and 
can be used in this application if a DC supply of higher 
voltage 
is available 
to drive 
the gate. 
Figure 
10B 


shows how to implement a VCC switch using a power 
nFET and a (nominally) 
+ 12V supply. The problem 


here is that if the device is on, its source voltage is 
+ 5V. To maintain 
the on state, the gate has to be 


another 5 or 10V above that. The "12V" supply is not 
particularly 
critical. A minimally 
filtered, 
unregulated 


rectifier will suffice. 


Here we consider 
circuits that normally 
draw power 


from the AC line, but switch to battery 
operation 
in 


the event of a power failure. We assume that in bat- 
tery operation 
high-current 
loads will be allowed to 


die along with the AC power. The system may con- 
tinue 
then with 
reduced 
functionality, 
monitoring 
a 


control transducer, 
perhaps, or driving an LCD. Or it 


may go into a bare-bones 
survival 
mode, in which 


critical data is saved but nothing else happens till AC 
power is restored. 


In any case it is necessary 
to have some early warn- 


ing of an impending 
power failure so that the system 


can arrange 
an orderly 
transfer 
to battery 
power. 


Early warning 
systems 
can operate 
by monitoring 


either the AC line voltage or the unregulated 
rectifier 


output, 
or even 
by 
monitoring 
the 
regulated 
DC 


voltage. 


Monitoring the AC line voltage gives the earliest warn- 
ing. That way you can know within one or two half- 
cycles of line frequency 
that AC power is down. In 


most cases you then have at least another half-cycle 
of line frequency 
before the regulated 
VCC starts to 
fall. In a half-cycle of line frequency an 80C51 BH can 
execute about 5,000 instructions 
- 
plenty of time to 


arrange an orderly transfer of power. 


The circuit in Figure 
11 uses a Zener diode to test 


the line voltage each half cycle, and a junction tran- 
sistor to pass the information 
on to the 80C51 BH. 


(Obviously 
a voltage comparator 
with a suitable ref- 


erence source can perform the same function, if one 
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Figure 
11. Power 
Failure 
Detector 
with 
Battery 
Backup. 
When AC power 
fails, 
VCC1 goes down 
and 
VCC2 is held. 


prefers.) The way it works is if the line voltage reaches 
an acceptably 
high level, it breaks over Z1, drives 01 
to saturation, 
and interrupts 
the 80C51 BH. The in- 
terrupt would be transition-activated, 
in this applica- 
tion. The interrupt service routine reloads one of the 
C51 BH's timers to a value that will make it roll over 
in something 
between one and two half-cycles of line 
frequency. 
As long as the line voltage is healthy, the 
timer never rolls over, because 
it is reloaded every 
half cycle. If there is a single half cycle in which the 
line voltage doesn't reach a high enough level to gen- 
erate the interrupt, the timer rolls over and generates 
a timer 
interrupt. 


The timer interrupt then commences 
the transition to 
battery backup. Critical data needs to be copied into 
protected 
RAM. Signals to circuits that are going to 
lose power 
must be written to logic low. Protected 
circuits (those powered by VCC2) that communicate 
with unprotected 
circuits 
must be deselected. 
The 
microcontroller 
itself may be put into Idle, so that it 
can continue 
some level of interrupt-driven 
function- 
ality, or it may be put into Power Down. 


Note that if the CPU is going to invoke Power Down, 
the Special Function Registers may also need to be 
copied into protected 
RAM, since the reset that ter- 
minates the Power Down mode will also initialize all 
the SFRs to their reset values. 


The circuit 
in Figure 
11 does not show a wake-up 
mechanism. 
A number of choices are available, how- 
ever. A pushbutton 
could be used to generate 
an 
interrupt, 
if the CPU is in Idle, or to activate reset, if 
the CPU is in Power Down. 


Automatic wake-up on power restoration is also pos- 
sible. If the CPU is in Idle, it can continue to respond 
to any interrupts that might be generated 
by 01. The 
interrupt 
service 
routine determines 
from the status 
of flag bits GFO and GF1 in PCON that it is in Idle 
because there was a power outage. It can then sam- 
ple VCC1 through a voltage comparator similar to Z1, 
01 in Figure 11. A satisfactory 
level of VCC1 would 
be indicated by the transistor 
being in saturation. 


But perhaps you can't spare the timer that is the key 
to the operation of the circuit in Figure 11. In that case 
a retriggerable one-shot, triggered by the AC line volt- 
age, can perform essentially 
the same function. Fig- 
ure 12 shows an example of this type of power failure 
detector. 
A retriggerable 
one-shot 
(one 
half 
of a 
74HC123) monitors the AC line voltage through tran- 
sistor 01. 01 retriggers the one-shot every half cycle 
of line frequency. 
If the output pulse width is between 
one and two half-cycles of line frequency, then a sin- 
gle missing or low half cycle will generate 
an active 
low warning flag, which can be used to interrupt the 
microcontroller. 


The interrupt 
routine takes care of the transition 
to 
battery back-up. 
From this point VCC1 mayor 
may 
not actually drop out. The missing half-cycle 
of line 
voltage that caused the power down sequence 
may 
have been nothing more than a short glitch. If the AC 
line comes 
back strong enough 
to trigger the one- 
shot while VCC1 is still up (as indicated by the state 
of transistor 02), then the other half of the 74HC123 
will generate a wake-up signal. 
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Figure 
12. Power 
Failure 
Detector 
uses retriggerable 
one-shots 
to flag impending 
power 
outage 
and 
generate 
automatic 
wake-up 
when 
power 
returns. 


awake for at least another half-cycle of line frequency 
(another 
5,000 
or so instructions) 
before 
possibly 
being told to arrange another transfer of power. Con- 
sequently, 
if the 
line voltage 
is jittering 
erratically 
around 
the switchover 
point (determined 
by diode 
Zl), 
the system will limp along executing in half-cycle 
units of line frequency. 


On the other hand, if the power outage is real and 
lengthy, VCC1 will eventually 
fall below the level at 
which 
the backup 
battery 
takes over. The backup 
battery maintains power to the 80C51 BH, and to the 
74HC123, 
and to whatever 
other circuits are being 
protected 
during 
this 
outage. 
The 
battery 
voltage 
must be high enough to maintain VCCMIN specs to 
the the 80C51BH. 


If the microcontroller 
is an 80C31 BH, executing 
out 
of external 
ROM, and if the C31 BH is put into Idle 
during the power outage, then the external ROM must 
also be supplied 
by the battery. On the other hand, 


if the C31 BH is put into Power Down during the out- 
age, then the ROM can be allowed to die with the AC 
power. The considerations 
here are the same as in 
Figure 9: VCC to the ROM is still up at the time Power 
Down is invoked, 
and we must ensure (through se- 
lection of diode Z2 in Figure 12) that the 80C31 BH 
is not awakened 
till ROM power is back in spec. 


Power Switchover 
Circuits 
Battery backup systems need to have a way for the 
protected 
circuits 
to draw 
power 
from 
the 
line- 


operated power supply when that source is available, 
and to switch over to battery power when required. 
The switch over circuit is simple if the entire system 
is to be battery powered in the event of a line power 
outage. In that case a pair of diodes suffice, as shown 
in Figure 
12, provided 
VCCMIN 
specs are still met 


after the diode 
drop 
has been subtracted 
from its 


respective 
power source. 


The situation 
becomes 
more complicated 
when part 


of the circuit is going to be allowed to die when the 
AC power goes out. In that case it is difficult to main- 
tain equal VCcs to protected and unprotected circuits 
(and possibly dangerous 
not to). 


The problem 
can be alleviated 
by using a Schottky 


diode instead of a 1N4001, for its lower forward volt- 
age drop. The 1N5820, for example, 
has a forward 


drop of about 0.35V at 1A. 


Other solutions are to use a transistor or power MaS- 
FET switch, as shown in Figure 13. With minor mod- 
ifications this switch can be controlled 
by port pins. 
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The 27C64 and 87C64 are Intel's 8K byte CHMOS 
EPROMs. 
The 27C64 requires an external address 


latch, and can be used with the 80C31 BH as shown 
in Figure 14A. In most 8031 + 2764 (HMOS) appli- 


cations, 
the 2764's 
Chip Enable 
(CE) pin is hard- 


wired to ground (since it's normally the only program 
memory 
on the 
bus). This 
can be done with the 
CHMOS 
versions 
as well, but there is some advan- 


tage in connecting 
CE to ALE, as shown in Figure 
14. The advantage 
is that if the 80C31 BH is put into 
Idle mode, since ALE goes to a 1 in that mode, the 
27C64 will be deselected 
and go into a low current 


standby mode. 


The 
timing 
waveforms 
for this 
configuration 
are 
shown in Figure 14B. In Figure 14B the signals and 
timing 
parameters 
in parentheses 
are those of the 
27C64, and the others are of the 80C31 BH, except 
Tprop is a parameter 
of the address 
latch. The re- 
quirements 
for timing compatibility 
are 


TAVIV - 
Tprop> 
lACC 
TLLlV > ICE 
TPLIV > tOE 
TPXIZ > tOF 


If the application 
is going to use the Power Down 


mode then we have another 
consideration: 
In Idle, 


ALE = PSEN = 1, and in Power Down, ALE = PSEN 
= O. In a realistic application 
there are likely to be 
more chips in the circuit than are shown in Figure 14, 
and it is likely that the nonessential 
ones will have 
their VCC removed while the CPU is in Power Down. 
In that case the EPROM and the address latch should 
be among 
the chips that have VCC removed, 
and 
logic lows are exactly what are required at ALE and 
PSEN. 


But if VCC is going to be maintained 
to the EPROM 


during Power Down, then it will be necessary 
to de- 
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Figure 
14b. Timing 
Waveforms 
for 
80C31 BH + 27C64. 


select the EPROM when the CPU is in Power Down. 
If Idle is never invoked, 
CE of the EPROM can be 
connected 
to P2.7 of the 80C31 BH, as shown in Fig- 
ure 15A. In normal operation, 
P2.7 will be emitting 
the MSB of the Program 
Counter, which is 0 if the 
program contains less than 32K of code. Then when 
the CPU goes into Power Down, the Port 2 pins emit 
P2 SFR data, which puts a 1 at P2.7, thus deselecting 
the EPROM. 


If Idle and Power Down are both going to be used, 
CE of the EPROM can be driven by the logical OR 
of ALE and P2.7, as shown in Figure 
15B. In Idle, 


ALE 
= 1 will deselect 
the EPROM, 
and in Power 
Down, P2.7 = 1 will deselect it. 
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Figure 
15. Modifications 
to 80C31 BH/27C64 
interface. 


Pulldown resistors are shown in Figure 14 under the 
assumption 
that something 
on the bus is going to 
have its VCC removed during Power Down. If this is 
not 
the 
case, 
pullups 
can 
be 
used 
as well 
as 
pulldowns. 


The 87C64 is like the 27C64 except that it has an on- 
chip address latch. The Port 0 pins are tied to both 
address 
and data pins of the 87C64, 
as shown 
in 
Figure 16. ALE drives the EPROM's 
ALE/CS input. 


During ALE high, the address information 
is allowed 
to flow into the EPROM and begin accessing the code 
by1e. On the falling edge of ALE the address by1e is 
internally latched. The AO-A7 inputs are then ignored 
and the same 
bus lines are used to transmit 
the 
fetched code by1e from the 00-07 
pins back to the 
80C31BH. 


The 
timing 
waveforms 
for this 
configuration 
are 
shown in Figure 16B. In Figure 16B the signals and 
timing 
parameters 
in parentheses 
are those of the 
87C64, and the others are of the 80C31 BH. The re- 
quirements 
for timing compatibility 
are 


TLHLL> 
ILL 
TAVLL > tAL 
TLLAX > ItA 
TLLlV> 
tACL 
TPLIV > tOE 
TLLPL > tCOE 
TPXIZ > tOHZ 


The same considerations 
apply to the 87C64 as to 
the 27C64 with regards to the Idle and Power Down 
modes. Basically you want CS = 1Jf 
VCC is main- 
tained to the EPROM, and CS = OE = 0 if VCC is 
removed. 


There are many different kinds of keyboards, 
but al- 
phanumeric 
keyboards 
generally 
consist of a matrix 
of 8 scan lines and 8 receive lines as shown in Figure 
17. Each set of lines connects 
to one port of the 
microcontroller. 
The software 
has written 
Os to the 
scan lines, and 1s to the receive 
lines. Pressing 
a 
key connects a scan line to a receive line, thus pulling 
the receive line to a logic low. 


The 8 receive lines are ANDed to one of the external 
interrupt pins, so that pulling any of the receive lines 
low generates an interrupt. The interrupt service rou- 
tine has to identify the pressed key, if only one key 
is down, and convert that information 
to some useful 


output. If more than one key in the line matrix is found 
to be pressed, no action is taken. (This is a "two key 
lock-out" 
scheme.) 


On some keyboards, 
certain keys (Shift, Control, Es- 


cape, etc.) are not a part of the line matrix. These 
keys would connect directly to a port pin on the mi- 
crocontroller, 
and would not cause lock-out if pressed 


simultaneously 
with a matrix 
key, nor generate 
an 


interrupt if pressed singly. 


Normally 
the microcontroller 
would be in Idle mode 


when a key has not been pressed, and another task 
is not in progress. 
Pressing 
a matrix key generates 


an interrupt, which terminates 
the Idle. The interrupt 


service routine would first call a 30 msec (or so) delay 
to debounce 
the key, and then set about the task of 
identifying 
which key is down. 


First, the current state of the receive lines is latched 
into an internal 
register. 
If a single key is down, all 
but one of these lines would be read as 1s. Then Os 
are written to the receive 
lines and 1s to the scan 
lines, and the scan lines are read. If a single key is 
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down, all but one of these lines would be read as 1s. 
By locating 
the single 
0 in each set of lines, the 
pressed key can be identified. If more than one matrix 
key is down, one or both sets of lines will contain 
multiple Os. 


A subroutine 
is used to determine 
which of 8 bits in 
either set of lines is 0, and whether 
more than one 
bit is O. Figure 18 shows a subroutine 
(SCAN) which 
does that using the 8051 's bit-addressing 
capability. 
To use the subroutine, 
move the line data into a bit- 
addressable 
RAM location named LINE, and call the 
SCAN 
routine. 
The number 
of LINE bits which are 
zero is returned in ZERO_COUNTER. 
If only one bit 
is zero, 
its 
number 
(1 through 
8) is returned 
in 
ZERO_BIT. 


The interrupt 
service 
routine that is executed 
in re- 
sponse to a key closure might then be as follows: 


RESPONSE_ TO_KEY _CLOSURE: 


CALL 
DEBOUNCLDELAY 
MOV 
L1NE,Pl; 
;500 Figure 17. 


CALL 
SCAN 
DJNl 
lERO_COUNTER,REJECT 
MOV 
ADDRESS,lERO_BIT 
MOV 
P2,#OFFH; 
;500 Figure 17. 


MOV 
P1,#O 


MOV 
L1NE,P2 
CALL 
SCAN 
DJNl 
lERO_COUNTER,REJECT 
XCH 
A,lERO_BIT 
SWAP 
A 
ORL 
ADDRESS,A 
XCH 
A,lERO_BIT 
MOV 
P1,#OFFH 
MOV 
P2,#O 
REJECT: 
CLR 
EXO 
RETI 
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SCAN: 
MOV 
ZERO_COUNTER, 
110 
ZERO_COUNTER 
counts 
the 
number 
of 
05 
in LINE. 


JB 
LINE. O. ONE 
Test 
LINE 
bit 
O. 


INC 
ZERO_COUNTER 
If LINE. 0 = 0, 
increment 
ZERO_COUNTER 
MOV 
ZERO_BIT. 
III 
and 
record 
that 
1i neo 
number 
1 
is active. 


ONE: 
JB 
LINE. 1.TWO 
Procedure 
continues 
for 
other 
LINE 
bits. 


INC 
ZER030UNTER 
MOV 
ZERO_BIT,1I2 
Line 
number 
2 
is active. 


TWO: 
JB 
LINE. 2. THREE 
INC 
ZERO_COUNTER 
MOV 
ZERO_BIT,1I3 
Line 
number 
3 
is active. 


THREE: 
JB 
LINE. 3, FOUR 


INC 
ZERO_COUNTER 
MOV 
ZERO_BIT,1I4 
Line 
number 
4 
is active. 
FOUR: 
JB 
LINE. 4, FIVE 
INC 
ZERO_COUNTER 
MOV 
ZERO_B IT, 115 
Line 
number 
5 
is active. 


FIVE: 
JB 
LINE. 5, SI X 


INC 
ZERO_COUNTER 
MOV 
ZERO_BIT,1I6 
Line 
number 
6 
is active. 


SIX: 
JB 
LINE. 6, SEVEN 
INC 
ZERO_COUNTER 
MOV 
ZERO_B IT, 117 
Line 
number 
7 
is active. 
SEVEN: 
JB 
LINE. 7. EIGHT 
INC 
ZERO_COUNTER 
MOV 
ZERO_BIT,1I8 
Line 
number 
8 
is active. 
EIGHT: 
RET 


Figure 
18. Subroutine 
SCAN determines 
which 
of 8 bits 
In LINE Is zero. 


does not change the Accumulator, 
the PSW, nor any 


of the registers 
RO through 
R7. Neither do SCAN or 
DEBOUNCE_DELAY. 


What we come out with then is a one-byte 
key ad- 


dress (ADDRESS) 
which identifies the pressed key. 
The key's scan line number is in the upper nibble of 
ADDRESS, 
and its receive line number is in the lower 


nibble. ADDRESS 
can be used in a look-up table to 


generate 
a key code to transmit to a host computer, 
and/or to a display device. 


The keyboard interrupt itself must be edge-triggered, 
rather than level-activated, 
so that the interrupt rou- 
tine is invoked 
when 
a key is pressed, 
and is not 


constantly 
being repeated as long as the key is held 


down. In edge-triggered 
mode, the on-chip hardware 


clears 
the interrupt 
flag (EXO, in this case) as the 


service 
routine is being vectored 
to. In this applica- 


tion, 
however, 
contact 
bounce 
will 
cause 
several 


more edges 
to occur 
after the service 
routine 
has 


been vectored 
to, during the DEBOUNCE_DELAY 


routine. 
Consequently 
it is necessary 
to clear EXO 


again in software 
before executing 
RETI. 


The debounce 
delay routine also takes advantage of 


the Idle mode. 
In this routine a timer must be pre- 


loaded with a value appropriate 
to the desired length 


of delay. This value would be 


timer preload = _ 
(asc kHz) x (delay time msec) 
12 


For example, with a 3.58MHz oscillator frequency, 
a 
30 msec delay could 
be obtained 
using a preload 
value of - 8950, or DDOA, in hex digits. 


In the debounce 
delay routine (Figure 19), the timer 


interrupt 
is enabled 
and set to a higher priority than 


the keyboard 
interrupt, 
because 
as we invoke 
Idle, 


the keyboard 
interrupt is still "in progress." 
An inter- 


rupt of the same priority will not be acknowledged, 
and will not terminate 
the Idle mode. With the timer 


interrupt set to priority 1, while the keyboard interrupt 
is a priority 0, the timer interrupt, when it occurs, will 
be acknowledged 
and will wake 
up the CPU. The 
timer interrupt service routine does not itself have to 
do anything. 
The service 
routine 
might be nothing 
more than a single RETI instruction. 
RETI from the 
timer interrupt service routine then returns execution 
to the debounce 
delay routine, which shuts down the 
timer and returns execution 
to the keyboard service 
routine. 


An LCD (Liquid Crystal 
Display) consists of a back- 
plane and any number of segments or dots which will 
be used to form the image being displayed. Applying 
a voltage (nominally 
4 or 5V) between any segment 


and the backplane 
causes 
the segment 
to darken. 


The only catch is that the polarity of the applied volt- 
age has to be periodically 
reversed, or else a chem- 


DEBOUNCE_DELAY: 
MOV 
TL1,*TL1-fRELOAD 
MOV 
TH1,*TH1_PRELOAD 
SETB 
ETl 
SETB 
PTl 
SETB 
TR 1 
ORL 
PCON, *1 


Preload 
low 
byte. 


Preload 
high 
byte. 
Enable 
Timer 
1 
interrupt. 


Set 
Timer 
1 
interrupt 
to 
high 
priority. 


Start 
timer 
running. 
Invoke 
Idle 
mode. 


Stop 
the 
timer. 


Back 
to 
priority 
0 
(if 
desired). 


Disable 
Timer 
1 
interrupt 
(if 
desired) 
Continue 
keyboard 
scan. 


ical reaction 
takes place in the LCD which causes 
deterioration 
and eventual failure of the liquid crystal. 


To prevent this happening, 
the backplane and all the 
segments 
are driven with an AC signal, which is de- 
rived from a rectangular 
voltage waveform. 
If a seg- 
ment is to be "off" it is driven by the same waveform 
as the backplane. 
Thus it is always at backplane po- 
tential. If the segment is to be "on" it is driven with a 
waveform 
that is the inverse of the backplane 
wav- 
eform. Thus it has about 5V of periodically 
changing 
polarity between it and the backplane. 


With a little software 
overhead, 
the 80C51 BH can 
perform this task without the need for additional LCD 
drivers. The only drawback is that each LCD segment 
uses up one port pin, and the backplane 
uses one 
more. 
If more than, say, two 7-segment 
digits are 
being driven, there aren't many port pins left for other 
tasks. 
Nevertheless, 
assuming 
a given application 
leaves enough port pins available to support this task, 
the considerations 
for driving the LCD are as follows. 


Suppose, 
for example, 
it is a 2-digit display with a 
decimal 
point. One port (TENS_DIGIT) 
connects to 
the 7 segments 
of the tens digit plus the backplane. 


Another 
port (ONES_DIGIT) 
connects to a decimal 
point plus the 7 segments 
of the ones digit. 


One of the 80C51 BH's timers is used to mark off half- 
periods of the drive voltage waveform. The LCD drive 
waveform 
should 
have a rep rate between 
30 and 
100 Hz, but it's not very critical. A half-period 
of 12 
msec will set the rep rate to about 42 Hz. The preload/ 
reload 
value to get 12 msec to rollover 
is the 2's 
complement 
negative 
of the oscillator 
frequency 
in 
kHz: If the oscillator frequency is 3.58MHz, the reload 
value is - 3580, or F204 in hex digits. 


Now, the 80C51 BH would normally be in Idle, to con- 
serve power, during the time that the LCD and other 


tasks are not requiring servicing. When the timer rolls 
over 
it generates 
an 
interrupt, 
which 
brings 
the 
80C51 BH out of Idle. The service routine reloads the 
timer (for the next rollover), and inverts the logic levels 
of all the pins that are connected to the LCD. It might 
look like this: 


LCD_DRIVE_INTERRUPT: 


MOV 
Tl1,#LOW( 
- XTALFREQ) 


MOV 
TH1,#HIGH( - XTALFREQ) 


XRL 
TENS_DIGIT,#OFFH 
XRL 
ONES_DIGIT,#OFFH 
RETI 


To update the display, one would use a look-up table 
to generate 
the characters. 
In the table, 
"on" 
seg- 
ments are represented 
as 1s, and "off" segments as 
Os. The backplane 
bit is represented 
as a O. The 
quantity to be displayed 
is stored in RAM as a BCD 
value. The look-up table operates 
on the low nibble 
of the BCD value, and produces 
the bit pattern that 
is to be written 
to either the ones digit or the tens 
digit. Before the new patterns 
can be written to the 
LCD, the LCD drive interrupt has to be disabled. That 
is to prevent 
a polarity 
reversal 
from taking 
place 
between the times the two digits are written. An up- 
date subroutine 
is shown in Figure 20. 


As was 
noted, 
driving 
an LCD 
directly 
with 
an 
80C51BH 
uses a lot of port pins. LCD drivers 
are 
available 
in CMOS 
to interface 
an 80C51BH 
to a 
4-digit display using only 7 of the C51 BH's I/O pins. 
Basically, the C51 BH tells the LCD driver what digit 
is to be displayed 
(4 bits) and what position it is to 
be displayed 
in (2 bits), and toggles 
a Chip Select 
pin to tell the driver to latch this information. 
The LCD 
driver generates 
the display characters 
(hex digits), 


and takes care of the polarity reversals using its own 
RC oscillator to generate 
the timing. 


Figure 
25 shows 
an 80C51 BH working 
with 
an 
ICM7211 M to drive a 4-digit LCD, and the software 
that updates the display. 


One could equally well send information 
to the LCD 
driver over the bus. In that case, one would set up 
the Accumulator 
with the digit select and data input 
bits, and execute 
a MOVX @ RO,A instruction. 
The 
LCD driver's chip select would be driven by the CPU's 
WR signal. This is a little easier in software than the 
direct bit manipulation 
shown in Figure 21. However, 


it uses more I/O pins, unless there is already some 
external memory involved. In that case, no extra pins 
are used up by adding the LCD driver to the bus. 


Analog 
transducers 
are often 
used to convert 
the 
value of a physical 
property, 
such as temperature, 


pressure, 
etc., to an analog voltage. These kinds of 
transducers 
then 
require 
an analog-to-digital 
con- 
verter 
to put the measurement 
into a form that is 


compatible 
with a digital control system. Another kind 
of transducer is now becoming available that encodes 
the value of the physical 
property 
into a signal that 


can be directly read by a digital control system. These 
devices are called resonant transducers. 


Resonant 
transducers 
are oscillators 
whose 
fre- 
quency depends in a known way on the physical prop- 
erty being measured. These devices output a train of 
rectangular 
pulses whose repetition rate encodes the 
value of the quantity being measured. The pulses can 
in most cases be fed directly into the 80C51 BH, which 
then measures 
either the frequency 
or period of the 
incoming signal, basing the measurement 
on the ac- 
curacy of its own clock oscillator. The 80C51 BH can 
even do this in its sleep; that is, in Idle. 


When the frequency 
or period measurement 
is com- 
pleted, the C51 BH wakes 
itself up for a very short 
time to perform a sanity check on the measurement 
and convert it in software to any scaling of the mea- 
sured quantity that may be desired. The software con- 
version 
can include corrections 
for nonlinearities 
in 
the transducer's 
transfer function. 


Resolution 
is also controlled 
by software, 
and can 
even be dynamically 
varied to meet changing needs 
as a situation becomes more critical. For example, in 
a process controller you can increase your resolution 
("fine tune" 
the control, 
as it were) as the process 
approaches 
its target. 


The nominal reference frequency of the output signal 
from these devices is in the range of 20Hz to 500kHz, 
depending 
on the design. Transducers 
are available 
that have a full scale frequency 
shift of 2 to 1. The 
transducer 
operates 
from a supply voltage range of 
3V to 20V, which means it can operate from the same 
supply voltage as the 80C51 BH. At 5V, the transducer 
draws less than 5 mA (reference 
7). It can normally 
be connected directly to one of the C51 BH's port pins, 
as shown in Figure 22. 


Frequency 
Measurements 


Measuring 
a frequency 
means counting pulses for a 
known sample time. Two timer/counters 
can be used, 


one to mark off the sample 
time and one to count 


pulses. If the frequency being counted doesn't exceed 
50kHz or so, one may equally well connect the trans- 
ducer signal to one of the external interrupt pins, and 
count pulses 
in software. 
That frees up one timer, 


with very little cost in CPU time. 


The count that is directly obtained is TxF, where T is 
the sample time and F is the frequency. The full scale 


UPDATE_LeD: 


eLR 
MOV 
MOV 
SWAP 
ANL 
Move 
MOV 
MOV 
ANL 
Move 
MOV 
MOV 
MOV 
SETIl 
RET 


ETl 
DPTR,*TAIlLE_ADDRESS 
A,BeD_VALUE 
A 
A,*OFH 
A,@A+DPTR 
TENS_DIGIT, 
A 
A,BeD_VALUE 
A,*OFH 
A,@A+DPTR 
e, DEeIl1AL_POINT 
Aee.7,e 
ONES_DIGIT. 
A 
ETl 


Disable 
LeD 
drive 
interrupt. 


Look-up 
table 
begins 
at 
TABLE_ADDRESS 


Digits 
to 
be 
displayed. 


Move 
tens 
digit 
to 
low 
nibble. 


Mask 
off 
high 
nibble. 


Tens 
digit 
pattern 
to 
accumulator. 


Update 
LeD 
tens 
digit. 


Digits 
to 
be 
displayed. 


Mask 
off 
tens 
digit. 


Ones 
digit 
pattern 
to 
accumulator. 


Add 
decimal 
point 
to 
segment 
pattern. 
Update 
LeD 
decimal 
point 


and 
ones 
digit. 


Re-enable 
LCD 
drive 
interrupt. 


a frequency 
that 
varies 
between 
7kHz 
and 9kHz 
would 
require, 
according 
to this formula, 
a sample 
time 
of 128 msec. 
The 
maximum 
acceptable 
fre- 
quency 
count would be 128 msec x 9kHz = 1152 
counts. The minimum would be 896 counts. Subtract- 
ing 896 from each frequency count (or presetting the 
frequency 
counter to - 896 = OFC80H) would allow 
the frequency 
to be reported on a scale of 0 to FF in 
hex digits. 


range is Tx(Fmax-Fmin). 
For n-bit resolution 


Tx(Fmax·Fmin) 
lLSS = 
2" 
. 


Therefore the sample time required for n-bit resolution 
is 


2" 
T=-- 
Fmax·Fmin 


For example, 
8-bit resolution 
in the measurement 
of 


~:"l 


1} 
DIGIT 
•.. 


2 
SELECT 
~ 
~} 


L. 
C. 
PORT 
81 
DATA 
D. 
. , 
•. 


82 
INPUT 


83 
: 


cs 
- 
.. 


UPDATE_LCD: 


MOV 
SETB 
SETB 
CALL 
CLR 
CALL 
MOV 
CLR 
SETB 
CALL 
CLR 
CALL 
RET 


SHIFT _AND_LOAD: 


RLC 
MOV 
RLC 
MOV 
RLC 
MOV 
RLC 
MOV 
CLR 
SETB 
RET 


A,DISPLAY_HI 
DIGIT_SELECT 
2 
DIGIT _SELECT_l 
SHIFT_AND_LOAD 
DIGIT _SELECT_l 
SHIFT _AND_LOAD 
A,DISPLAY_LO 
DIGIT _SELECT_2 
DIGIT_SELECT 
_1 
SHIFT_AND_LOAD 
DIGIT _SELECT_l 
SHIFT_AND_LOAD 


A 
DATA_INPUT_B3,C 
A 
DATA 
INPUT_B2,C 
A 
DATA_I 
NPUT_BI. 
C 
A 
DATA_INPUT 
_BO, C 
CHIP _SELECT 
CHIP_SELECT 


High 
byte 
of 
4-digit 
display. 


Select 
leftmost 
digit 
of 
LCD. 


(Digit 
address 
= 
lIB. I 
High 
nibble 
of 
high 
byte 
to 
selected 
digit. 


Select 
second 
digit 
of 
LCD 
(address 
= 
lOB). 


Low 
nibble 
of 
high 
byte 
to 
selected 
digit. 


Low 
byte 
of 
4-digit 
display. 


Select 
third 
digit 
of 
LCD. 


(Digit 
address 
= 01B. ) 
High 
nibble 
of 
low 
byte 
to 
selected 
digit. 


Select 
fourth 
digit 
(address 
= OOB). 


Low 
nibble 
of 
low 
byte 
to 
selected 
digit. 


MSB 
to 
carry 
bit 
(CYI. 


CY 
to 
Data 
Input 
pin 
B3. 


Next 
bit 
to 
CY. 


CY 
to 
Data 
Input 
pin 
B2. 


Next 
bit 
to 
CY. 


CY 
to 
Data 
Input 
pin 
Bl. 


Last 
bit 
to 
CY. 


CY 
to 
Data 
Input 
pin 
BO. 


Toggle 
Chip 
Select. 


; O-to-l 
transition 
latches 
info. 


int_l<!> 
II I-e- 
AP·252 


;Preset COUNTER 10 - 896: 


vcc 
MeV 
COUNTER-LO,#80H 
MOV 
COUNTER-HI,#OFCH 


OUT: 
RETI 


8OC51BH 


INTO 
OR 
TO 


FIgure 22. Resonant Transducer does not 
require an AID converter. 


To implement 
the measurement, 
one timer Is used to 


establish 
the sample time. The timer Is preset to a 


value 
that causes 
It to roll over at the end of the 


sample time. generating 
an Interrupt and waking the 


CPU from its Idle mode. The required preset value is 
the 2's complement 
negative of the sample time mea- 
sured in machine cycles. The conversion from sample 
time to machine 
cycles is to multiply 
it by 1/12 the 


clock frequency. 
For example, 
if the clock frequency 


is 12MHz, then a sample time of 128 msec is 


(128 msec)x(12OOO1\Hz)/12= 128000 machine cycles. 


Then the required preset value to cause the timer to 
roll over in 128 msec is 


- 128000 = FEOCOO,in hex digits. 


Note that the preset value is 3 bytes wide, whereas 
the timer is only 2 bytes wide. This means the timer 
must be augmented 
in software in the timer interrupt 


routine 
to three 
bytes. The 80C51BH 
has a DJNZ 


instruction 
(decrement 
and jump 
if not zero) 
that 


makes It easier to code the third timer byte to count 
down 
instead 
of up. If the third timer 
byte counts 


down, its reload value is the 2's complement 
of what 


it would be for an up-counter. 
For example, if the 2's 


complement 
of the sample time Is FEOCOO,then the 


reload value 
for the third timer 
byte would 
be 02, 
instead of FE. The timer interrupt routine might then 
be: 


TIMER-INTERRUPT 
_ROUTINE: 


DJNZ 
THIRD_ TIMER-BYTE,OUT 
MeV 
TlO,#O 
MeV 
THO,#OCH 
MOV 
THIRD_ TIMERBYTE, #2 


MOV 
FREQUENCY,COUNTER-LO 


At this point the value of the frequency 
of the trans- 


ducer signal, 
measured 
to 8 bit resolution, 
is con- 


tained in FREQUENCY. 
Note that the timer can be 
reloaded on the fly. Note too that for S-bit resolution 
only the low byte of the frequency 
counter needs to 
be read, since the high byte is necessarily 
O. How- 


ever, one may want to test the high byte to ensure 
that it is zero, as a sanity check on the data. Both 
bytes, of course must be reloaded. 


PerIod Measurements 


Measuring the period of the transducer signal means 
measuring 
the total elapsed time over a known num- 


ber, N, of transducer 
pulses. The quantity that is di- 
rectly measured 
is NT, where T is the period of the 


transducer signal In machine cycles. The relationship 
between T in machine cycles and the transducer fre- 
quency F in arbitrary frequency 
units is 


FXlaI 
T = T1(11121, 


where Fxtal is the SOC51BH clock frequency, 
in the 
same units as F. 


The full scale range then is Nx(Tmax-Tmin). 
For n-bit 


resolution 


1 LSB = Nr(Tmar.Tminl. 


2" 


Therefore 
the 
number 
of periods 
over 
which 
the 


elapsed time should be measured 
Is 


2" 


N = Tmar.Tmin' 


However, 
N must also be an Integer. It is logical to 


evaluate 
the above formula 
(don't forget Tmax and 


Tmln have to be In machine cycles) and select for N 
the next higher integer. This selection gives a period 
measurement 
that has somewhat more than n-bit res- 


olution, but it can be scaled back if desired. 


For example, suppose we want 8-bit resolution In the 
measurement 
of the period 
of a signal whose 
fre- 


quency 
varies 
from 
7.1 kHz to 9kHz. 
If the clock 


frequency 
is 
12MHz, 
then 
Tmax 
is 
(12000kHz/7.1kHz)x(1/12) 
= 141 machine 
cycles. 


Tmin is 111 machine cycles. The required value for 
N, then, is 256/(141-111) 
= 8.53 periods, according 
to the formula. 
Using N = 9 periods will give a max- 


imum NT value of 141x9 = 1269 machine 
cycles. 


The 
minimum 
NT will 
be 
111x9 
= 999 
machine 
cycles. 
A lookup table can be used to scale these 


values back to a range of 0 to 255, giving precisely 
the 8-bit resolution 
desired. 


To implement the measurement, 
one timer is used to 
measure the elapsed time, NT. The transducer IScon- 
nected to one of the external interrupt pins, and this 
interrupt 
is configured 
to the transition-activated 
mode. In the transition-activated 
'T'ode every 1-to-0 
transition 
in the transducer 
output will generate 
an 
interrupt. 
The 
interrupt 
routine 
counts 
transduc~r 
pulses, and when it gets to the predete~mlned 
N, It 
reads and clears the timer. For the specific example 
cited above, the interrupt 
routine might be: 


INTERRUPLRESPONSE: 


DJNZ 
N,OUT 
MOV 
N,#9 
CLR 
EA 
CLR 
TRl 
MOV 
NLLO,Tl1 
MOV 
NT_HI,THl 


!KJV 
Tl1,#9 
!KJV 
THl,#O 
SETS 
TRl 
SETS 
EA 
CALL 
LOOKUP _TABLE 
OUT: 
RETI 


In this routine a pulse counter N is decremented 
from 
its preset value, 9, to zero. When the counter gets to 
zero it is reloaded to 9. Then all interrupts are blocked 
for a short time while the timer is read and cleared. 
The timer is stopped 
during the read and clear op- 
erations, so "clearing" 
it actually means presetting it 
to 9, to make up for the 9 machine 
cycles that are 
missed while the timer is stopped. 


The subroutine 
LOOKUP _TABLE 
is used to scale 
the measurement 
back to the desired8-bit 
resolution. 


It can also include 
built-in corrections 
for errors or 
nonlinearities 
in the transducer's 
transfer function. 


The subroutine 
uses the MOVC A, @ A + DPTR in- 
struction 
to accesss 
the table, which contains 
270 
entries commencing 
at the 16-bit address referred to 
as TABLE. The subroutine must compute the address 
of the table entry that corresponds 
to the measured 
value of NT. This address is 


DPTR = TABLE + 
NT - 
NTMIN, 


where NTMIN = 999, in this specific example. 


LOOKUP_TABLE: 


PUSH 
PUSH 
MOV 
ADD 
MOV 
MOV 
ADDC 
MOV 


ACC 
PSW 
A,#LOW(TABLE-NTMIN) 
A,NLLO 
DPL,A 


A,#HIGH(TABLE-NTMIN) 
A,NLHI 
DPH,A 


CLR 
A 
MOVC 
A,@A+ 
DPTR 
MOV 
PERIOD,A 
POP 
PSW 
POP 
ACC 
RET 


At this point the value of the period of the transducer 
signal, measured 
to 8 bit resolution, 
is contained 
in 
PERIOD. 


Pulse Width Measurements 


The 80C51 BH timers have an operating mode which 
is particularly 
suited to pulse width measurements, 


and will be useful in these applications 
if the trans- 
ducer signal has a fixed duty cycle. 


In this mode the timer is turned on by the on-chip 
circuitry 
in response to an input high at the external 
interrupt 
pin, and off by an input low, and it can do 
this while the 80C51 BH is in Idle. (The "GATE" mode 
of timer operation 
is described 
in the Intel Microcon- 


troller Handbook.) 
The external interrupt itself can be 
enabled, so the same 1-to-0 transition from the trans- 
ducer that turns off the timer also generates 
an in- 
terrupt. The interrrupt 
routine then reads and resets 
the timer. 


The advantage 
of this method is that the transducer 
signal has direct access to the timer gate, with the 
result that variations 
in interrupt response time have 
no effect on the measurement. 


Resonant 
transducers 
that are designed 
to fully ex- 
ploit the GATE mode have an internal 
divide-by-N 
circuit that fixes the duty cycle at 50% and lowers the 
output frequency 
to the range of 250 to 500 Hz (to 
control 
RFI). The transfer 
function 
between 
trans- 


ducer period and measurand 
value is approximately 
linear, with known and repeatable 
error functions. 


The CHMOS 
version 
of the 8051 is architecturally 
identical with the HMOS version, but there are never- 
theless 
some 
important 
differences 
between 
them 
which the designer 
should be aware of. In addition, 
some applications 
require interchangeability 
between 
HMOS and CHMOS parts. The differences 
that need 
to be considered 
are as follows: 


External Clock Drive: To drive the HMOS 8051 with 
an external 
clock signal, one normally 
grounds 
the 
XTAL 1 pin and drives the XTAL2 pin. To drive the 
CHMOS 8051 with an external clock signal, one must 
drive the XTAL 1 pin and leave the XTAL2 pin uncon- 
nected. The reason for the difference 
is that in the 


HMOS 8051, it is the XTAL2 pin that drives the in- 
ternal clocking 
circuits, whereas 
in the CHMOS ver- 
sion it is the XTAL 1 pin that drives the internal clocking 
circuits. 


There are several ways to design an external clock 
drive to work with both types. For low clock frequen- 
cies (below 6MHz), 
the HMOS 8051 can be driven 
the 
same 
way 
as 
the 
CHMOS 
version, 
namely, 
through 
XTAL 1 with 
XTAL2 
unconnected. 
Another 
way is to drive both XTAL 1 and XTAL2; that is, drive 
XTAL 1 and use and external inverter to derive from 
XTAL 1 a signal with which to drive XTAL2. 


In either case, a 74HC or 74HCT circuit makes an 
excellent 
driver for XTAL 1 and/or XTAL2, because 
neither the HMOS nor the CHMOS 
XTAL pins have 
TTL-Iike 
input logic levels. 


Unused 
Pins: 
Unused pins of Ports 1, 2, and 3 can 
be ignored in both HMOS and CHMOS designs. The 
internal 
pullups 
will put them into a defined 
state. 


Unused 
Port 0 pins in 8051 applications 
can be ig- 
nored, even if they're 
floating. 
But in 80C51 BH ap- 
plications, 
these pins should not be left afloat. They 
can be externally 
pulled up or down, or they can be 


internally 
pulled down by writing Os to them. 


8031/80C31 BH designs mayor may not need pullups 
on Port O. Pullups aren't needed for program fetches, 
because in bus operations the pins are actively pulled 
high or low by either the 8031 or the external program 
memory. But they are needed for the CHMOS part if 
the Idle or Power Down mode is invoked, because in 
these modes Port 0 floats. 


Logic 
Levels: 
If VCC is between 4.5V and 5.5V, an 


input signal that meets the HMOS 8051's input logic 
levels will also meet the CHMOS 
80C51 BH's input 


logic levels (except for XTAL 1IXTAL2 and RST). For 
the same 
VCC 
condition, 
the CHMOS 
device 
will 
reach or surpass the output logic levels of the HMOS 
device. The HMOS device will not necessarily 
reach 


the output logic levels of the CHMOS device. This is 
an important 
consideration 
if HMOS/CHMOS 
inter- 


changeability 
must 
be maintained 
in an otherwise 
CMOS system. 


HMOS 8051 outputs that have internal pullups (Ports 
1, 2, and 3) "typically" 
reach 4V or more if IOH is 
zero, but not fast enough to meet timing specs. Add- 
ing an ex1ernal pullup resistor 
will ensure the logic 


level, but still not the timing, as shown in Figure 23. 
If timing is an issue, the best way to interface HMOS 
to CMOS is through a 74HCT circuit. 


Idle and 
Power 
Down: 
The Idle and Power Down 
modes exist only on the CHMOS devices, but if one 


Figure 
23. O·to·1 Transition 
shows 
unspec'd 
delay (.1t) In HMOS to 74HC Logic. 


wishes 
to preserve 
the capability 
of interchanging 
HMOS and CHMOS 
8051s, the software 
has to be 
designed 
so that the HMOS parts will respond in an 
acceptable 
manner when a CHMOS 
reduced power 
mode is invoked. 


For example, an instruction that invokes Power Down 
can be followed 
by a "JMP $": 


CLR 
EA 
ORL 
PCON,#2 
JMP 
S 


The CHMOS 
and HMOS parts will respond 
to this 
sequence of code differently. The CHMOS part, going 
into a normal CHMOS 
Power Down Mode, will stop 
fetching 
instructions 
until it gets a hardware 
reset. 


The HMOS part will go through the motions of exe- 
cuting the ORL instruction, 
and then fetch the JMP 
instruction. 
It will continue 
fetching 
and executing 
JMP $ until hardware 
reset. 


Maintaining 
HMOS/CHMOS 
8051 interchangeability 
in response 
to 
Idle 
requires 
more 
planning. 
The 
HMOS 
part will not respond 
to the instruction 
that 
puts the CHMOS 
part into Idle, so that instruction 
needs to be followed 
by a software 
idle. This would 
be an idling loop which would be terminated 
by the 
same conditions 
that would terminate 
the CHMOS's 
hardware 
Idle. Then when the CHMOS device goes 
into Idle, the HMOS version executes the idling loop, 
until either a hardware 
reset or an enabled interrupt 
is received. 
Now if Idle is terminated 
by an interrupt, 
execution 
for the CHMOS 
device will proceed 
after 
RETI from the instruction 
following 
the one that in- 
voked Idle. The instruction 
following the one that in- 
voked Idle is the idling loop that was inserted for the 
HMOS 
device. 
At this point, 
both the HMOS 
and 
CHMOS devices must be able to fall through the loop 
to continue 
execution. 


"fake" 
Idle flag, and set it just before going into Idle. 


The instruction that invokes Idle is followed by a soft- 
ware idle: 


SETS 


ORL 
J8 


IDLE 


PeON,"" 
IDLE,$ 


Now the interrupt that terminates 
the CHMOS's 
Idle 
must also break the software idle. It does so by clear- 
ing the "Idle" 
bit: 


CLR 
IDLE 
RETI 


Note too that the PCON register in the HMOS 8051 
contains 
only one bit, SMOD, 
whereas 
the PCON 
register 
in CHMOS 
contains 
SMOD plus four other 
bits. Two of those 
other 
bits are general 
purpose 
flags. Maintaining 
HMOS/CHMOS 
interchangeability 
requires that these flags not be used. 
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DESIGN ENTRY 


Built-in Basic interpreter 
turns controller chip into 


versatile system core 


An extended set of Basic statements and operators 
transforms a chip into the foundation for 
a wide range of embedded real-time systems, 


S 


ingle-chip computers 
have been popular 


for some time now, especially 
in embed- 
ded applications. 
But the phrase 
"com- 
puter on a chip" takes on a whole new meaning 
with the appearance 
of a software 
package that 
implements 
a version of Basic in silicon. 


The 8052AH-Basic 
controller 
is aimed 
pri- 
marily 
at data acquisition, 
test instrumenta- 
tion, and process control. Further, 
it is right at 
home in virtually 
any embedded 
environment 
and monitoring 
system. 


Unlike so-called Tiny Basic interpreters, 
the 
chip's MCS Basic-52 software 
package 
is a full 
Basic interpreter. 
In addition, 
it can manipu- 
late strings and handle logical operators 
(AND, 


OR, exclusive-OR, 
and NOT) and floating-point 
arithmetic. 
It is also able to accept and deliver 
numbers 
in floating-point, 
integer, or hexadeci- 
mal formats. 
Counted 
among its other features 


are built-in 
EPROM programming, 
mnemonic 
access to all on-chip I/O resources, 
and a built- 
in real-time 
clock with a resolution 
to within 
5 ms. Moreover, its complete function 
library of 
routines 
can be accessed in assembly 
language 


(see the table, opposite). 
And the package sup- 
plements 
Basic's 
standard 
instructions 
with 
commands 
designed 
specifically 
for embedded 


John Kataulky, 
Intel Corp. 
John Katausky 
is technical marketing 
manager for In- 


tel Corp. 's microcont1'01ier operation in Chandler. 
Ariz. 


systems. The package resides in the 8-kbit ROM 
of the 8052AH-Basic 
chip. Apart from the soft- 


ware, it is identical 
with the 8052AH and so fea- 


tures 
256 bytes 
of RAM and three 
multiple- 


mode 16-bit timer-counters. 


Although 
Basic is held in low regard by many 


computer 
scientists, 
one fact cannot be denied: 


It is by far the most popular 
microcomputer 


language. 
Not only is virtually 
every personal 
or home computer 
capable of running 
it, but the 


language 
has become a de facto standard 
for 


many applications, 
including 
laboratory 
and 


Summary of Basic-52's 
features 


I 


Command. 
St.tement. 
Operator. 


RUN 
BAUD 
INPUT 
ADD(+) 
ASC I) 


LIST 
CALL 
LET 
DIVIDE II) 
CHR( 
) 


L1STlt 
CLEAR 
ONERR 
EXPONENTIATION (' ') 
CBY I) 


NEW 
CLEARS 
ONEXT1 
MULTIPLY I') 
DBYI) 


NULL 
CLEARl 
ONTIME 
SUBTRACT 1-) 
XBY( ) 


RAM 
CLOCKO 
PRINT 
LOGICAL AND (.AND.) 
GET 


ROM 
CLOCKl 
PRINT# 
LOGICAL OR (.OR.) 
IE 


XFER 
DATA 
PHO. 
LOGICAL X-OR (.XOR.) 
IP 


PROG 
READ 
PHO.# 
LOGICAL NOT 
PORT1 


PROGl 
RESTORE 
PH1. 
ABS( 
) 
PCON 


PROG2 
DIM 
PH1.# 
INT( ) 
RCAP2 
FPROG 
DO-WHILE 
PUSH 
SGN I) 
T2CON 


FPROGl 
DO-UNTIL 
POP 
SOR( 
) 
TCON 


FPROG2 
END 
PWM 
RND 
TMOD 
FOR-TO-STEP 
REM 
LOG I) 
TIME 
NEXT 
RETI 
EXP( ) 
TIMERO 
GOSUB 
STOP 
SIN( ) 
TIMERl 
RETURN 
STRING 
COS () 
T1MER2 
GOTO 
UIO 
TAN I) 
TIME 
ON-GOTO 
UI1 
ATNI) 
XTAL 
ON-GOSUB 
UOO 
=,>,>=, 
MTOP 


UOl 
<,<-,<> 
LEN 


IF-THEN-ELSE 
PI 
FREE 


office automation. 
Its popularity 
is easily ex- 
plained by its simplicity 
and ease of use. A pro- 


grammer 
can execute, 
edit, and debug short 


programs 
in minutes, 
without 
having to worry 
about compilation, 
linking, and locating. 


Building.up 
Basic 


Like any language, 
Basic has its drawbacks, 


but the 8052AH-Basic's 
software 
package 
ad- 


dresses many of them by beefing up its instruc- 
tion set. These 
enhancements 
address 
three 


general 
areas: 
First, 
sophisticated 
program- 


mers dislike the fact that Basic is an unstruc- 
tured language. 
Because GO TO statements 
can 


be placed anywhere 
in a program, 
understand- 


ing and debugging 
it can become quite a chore. 


For that reason, the package contains 
the more 


structured 
DO-WHILE 
and 
DO-UNTIL 
state- 


ments, 
as well as the standard 
FOR-NEXT and 


IF-THEN-ELSE. These extensions 
furnish 
better 


ways to control the flow of a program. 
Second, the fact that Basic uses global varia- 
bles forces subroutines 
to use the same names 


for variables 
as the main program 
employs. 


Generally, 
this 
is an inconvenience 
because 


variables 
may need to be redefined 
every time a 
subroutine 
is called up. The package's 
function 
library, 
however, includes 
PUSH and POP state- 
ments 
that 
allow the user to pass variables 
to 
subroutines 
on a stack, 
making 
it easy to re- 
define variables 
in a subroutine. 
Additionally, 
PUSH and POP can be used to pass parameters 
to and from user-supplied 
assembly 
language 
routines. 


Finally, 
interpreted 
Basic is usually 
a slow 
language. 
Although 
this is a legitimate 
com- 
plaint, many applications 
can still be adequate- 


ly served by it. The package's 
fast token-based 
interpreter, 
though, puts an end to the problem, 
turning 
in execution speeds that compare quite 
favorably 
with those of popular 
8- and 16-bit 
personal-com pu ters. 


A qUick turn around the pins 


As mentioned, 
the software 
is stored 
in an 
8052AH controller 
chip, which is itself housed 
in a standard 
40-pin DIP (Fig. 1). Some of the 
pins' uses are predetermined. 
Of the four ports 
on the standard 
8052AH, only port 1 still serves 
as an I/O port on the Basic version. 
Since the 


T2, Pl.0 
40 
Vcc 
T2, P1.0 
Vcc 


T2 (EX), Pl.1 
39 
PO.O,ADo 
T2 (EX), Pl.l 
ADo 
P1.2 
38 
PO.1, AD1 
PWM Out, P1.2 
ADl 


P1.3 
37 
PO.2, AD2 
ALE Disable, P1.3 
AD2 
P1.4 
36 
PO.3, AD3 
Program Pulse, P1.4 
AD3 
P1.5 
35 
PO.4, AD4 
Program Enable. P1.5 
AD4 


P1.6 
34 
PO.5, AD5 
DMA Acknowledge, 
P1.6 
AD5 
P1.7 
33 
PO.6, AD6 
line Printer Out, Pl.7 
AD6 


Reset 
32 
PO.7, AD7 
Reset 
AD7 


RXD, P3.0 
31 
EA 
Console Serial In 
8062AH- 
+5V 
8052AH 
TXD, F3,1 
30 
ALE 
Console Serial Out 
Basic 
ALE 


INTO, P3.2 
29 
PSEN 
into, DMA Request 
PSEN 


INT1. P3.3 
28 
P2.7, A15 
INT, 
A15 


TO, P3.4 
27 
P2.6, A'4 
TO 
A14 


T1, P3.5 
26 
P2.5, A13 
Tl 
A13 
WR, P3.6 
25 
P2.4. A12 
WR 
A12 
AD, P3.7 
24 
P2.3, A1' 
AD 
A" 
XTAL2 
23 
P2.2, AlO 
XTAL2 
A10 


XTAL1 
22 
P2.1, Ag 
XTALl 
Ag 


VSS 
21 
P2.0, As 
VSS 
As 


(a) 
(b) 


1. The pin assignments 
of the 8052AH (a) and the 8052AH-Baaic controller 
(b) differ 
primarily 
in that the 


second 
does not use lines ADo to AD, and Aa to A,. as ports 0 and 2, respectively. 
Further, 
the Basic ver- 
sion needs +5 V on pin 31 to enable the 8052AH to execute 
from internal 
ROM. 


nl=~I~~1 
t:~ITnv 
8052AH-Basic 
requires 
external 
memory, Pins 
32 through 
39 and 21 through 
28, which former- 
ly served 
ports 
0 and 2 respectively, 
are now 
used for their alternative 
function: 
addressing 
and exchanging 
data with RAM and ROM. Pins 
10 through 
17, which formed port 3, are putting 
in their 
time 
at their 
assorted 
alternative 
duties-with 
some slight 
revisions. 
The only 
other changes involve pin 31, EA, which is now 
tied to Vee, and port 1,whose pins have acquired 
a second set of functions. 


Port 1 in detail 


To start 
with, pins 1 and 2 of port 1 (P1.0 and 
Pl.I) 
can also be used 
to clock and trigger 
timer-counter 
2. Pins 3, 4, and 5 generate 
all 
timing and other signals necessary 
to program 
just about any EPROM or EEPROM -a 
simple 
way to save and retrieve 
programs 
without 
uploading 
or downloading. 
Pin 6, together 
with 
the INTo pin (pin 12), gives the user the option of 
implementing 
direct 
memory 
access. Finally, 
pin 7 takes care of direct serial output 
to a pe- 
ripheral, 
such as a printer. 
All that needs to be 
done in this case is to invoke the lIST# com- 


mand or the PRINT# statement. 


In addition, 
the syntax 
of Basic-52 permits 
the user to read and write directly 
from and to 
port 1. For instance, 
the statement: 


PORn 
= 55H 


would place the hexadecimal 
value 55 on the ap- 
propriate 
pins, while: 


A = PORn 


would assign the value of variable 
A to the port 
1 pins. Furthermore, 
some of the language's 
commands 
and statements 
manipulate 
those 
pins so that they furnish a number of useful and 
unique 
features. 
For example, 
P1.2 can also 
serve as an output for the pulse-width 
modulate 


(PWM) statement. 
Executing 
it generates 
a 
pulse train of varying duration, 
frequency, 
and 
duty cycle on the pin. 
The statement: 


PWM 50,100,1000 


creates 1000 cycles of a signal that, assuming 
a 


12-MHz clock, is high for 50 J.l.S and low for 100 


J.l.S. The PWM statement 
also can generate 
audi- 


1+5V 
eon_ 
1I.,..a9 
""'oaI 
'" 
" 


10/ol-F 
eon- 
Serial 


""" 
"'" 
1/04'.88 
Oul 


Pl.T 


82k 
Pl .• 
P25 
Pl.' 
Pl3 


c, 
P2.2 
Pl.' 


)(TAL, 
P2.0 


= 
PO.7-PO.O 


~ 


XTAL2 
00-0] 


C, 
= C2. 
ALE 
E 
Oor-'Joo 
-=- 
30 pF lor 
lalen 


crystals, 40 pF 
8052AH-Baslc 
174lS373) 


fofceramlC 
'"'""""'" r 


Pl,' 
General- 
Pl.2 
ViR 


~ 
P1.3 
R5 


or 
Pl. 
PSEN 


""""" 
Vcc 
• 5 V 
functions 
P1.5 
P1.6 
EA 


P1.7 
GNO 


2. A simple system baaed on the 8052AH-Basic microprocessor 
requires iUS' 
three additional 
chips plus the serial-port 
driver. Port 1 could be used, for 
example, to sense switches, drive indicstors, 
or a power printer. 


ble feedback 
in process 
control 
and security 
systems. 
To pin 9 (Reset) falls thejob of initializing 
the 
system. 
It also furnishes 
power on reset when 
an external 
8.2-k!1 resistor 
is connected 
from 
this pin to ground and a 10-I'F capacitor 
is con- 
nected to Vee. 
Under the software 
package, 
all of the pins 
that 
formed 
port 3 are pressed 
into service 
in 
their 
alternative 
functions. 
One of the inter- 
rupt 
pins, 
INTo, now also handles 
DMA re- 
quests 
(pin 12), and the pins for transmitting 
and receiving data (pins 11 and 12) now handle 
serial inputs and outputs 
to the console. Their 
activities 
are integrated 
into a Basic applica- 
tion program. 
For example, an interrupt 
on the 
INT, pin (pin 13) can be handled by the ONEXT1 
statement: 


100NEXT1 
1000 


which forces a GOSUB to line 1000 every time 
the INTI pin is pulled to a logical O. In the called 
subroutine, 
the user can process the interrupt, 
then 
use a RETI statement 
to exit 
from 
the 
interrupt 
handler. 
To turn the Basic chip into a complete 
sys- 
tem, the user need supply only external 
RAM 
and serial 
port drivers 
(Fig. 2). The RAM re- 
quirements 
are few: At least 1 kbyte must be 
present, 
and it must start 
at external 
memory 
location 
0 and be contiguous 
and completely 
decoded. After 
reset, 
the package 
determines 
how much memory is present 
in the system and 
initializes 
it, then waits for the user to type in a 
space character. 
That character 
establishes 
the 
baud rate automatically. 
Although 
this system 
is quite useful, it does 
not represent 
an ideal embedded 
controller. 
Fortunately, 
addingjust 
a little more hardware 
is all that 
is needed to construct 
one complete 
with 
automatic 
self-starting, 
EPROM 
and 
EEPROM 
programming, 
and simple program- 
file management 
(see "EPROM Saves the Pro- 
gram," opposite). 
Once the desired 
type of EPROM is in place, 
starting 
up the system 
involves 
no more than 
entering 
either 
the 
PROG2 or FPROG2 com- 
mand. Both commands 
preserve 
the baud rate 
information 
in exactly the same way as PROG1 
or FPROG 1 does. In addition, 
though, 
either 
causes the first program 
stored in PROM to ex- 


EPROM and EEPROM programming 
is certainly 
one of the 
most 
powerful 
features 
of the MCS 
Basic-52 software package. And it is simple to use; 
only three 
of the 8052AH-Basic 
microprocessor's 
control pins are needed to call it into play. In brief. 
after the user enters a program. it is stored in RAM, 
starting 
at location 512. When the user types PROG 


PROG or FPROG. the program that is stored in RAM 
is programmed 
into an EPROM or EEPROM whose 
address is 8000,6' 
To start the process. the CPU first writes a logical 
o to the Program 
Enable pin. P1.5. thus supplying 
the 
higher 
voltage 
required 
to program 
the 
EPROM. Next. the processor reads the appropriate 
RAM location. starting 
at 512. and saves the byte of 
information. 
Then, the CPU sends out the appropriate 
low- 
order PROM address to pins ADo to AD7 and sets 
the ALE Disable pin to O. That 
latches 
the low- 
order PROM address permanently 
into the system 
address 
latch-74LS373 
(see the figure). Only one 
AND gate is required to do this. The processor then 
writes 
the high-order 
PROM address 
to pins As 


through Als and the data to pins ADo to AD,. Final- 
ly. a 0 is written 
to the Program 
Pulse pin. De- 
pending on the PROM used. that pin is held low for 
either 1 or 50 ms. After it returns 
to a logical 1, the 
CPU verifies 
the 
contents 
of the 
programmed 
PROM and then writes a 1 to ALE Disable. 


The process continues until the entire Basic pro- 
gram 
is saved in PROM. When programming 
is 
complete. the CPU writes a 1 to the Progam Enable 
pin. leaves the programming 
routine. and returns to 
the Basic command 
mode. To prevent 
accidental 
programming 
during power-up. OR gates should be 
used (top left in figure). 
The foregoing 
description 
of the programming 
naturally 
leads to two questions. 
The first concerns the duration 
of the 0 state. A 
50-ms pulse is required to program 
most standard 
EPROMs. The I-ms pulse, on the other hand, per- 
mits the software package to program Intel's latest 
generation 
of high-density 
EPROMs, working with 
the company's 
programming 
algorithm, 
dubbed 
INTELigent. 
To apply it. the user simply 
types 


FPROG 
instead 
of 
PROG. 
The algorithm 
requires 
that the Vee on the EPROM be increased to 6 V. One 
economical way to accomplish 
this is with a DIP 
relay. The software package also allows the user to 
specify programming 
pulses of any length. 
The other question centers on the accuracy of the 
programming 
pulse versus that of the system clock 
frequency. 
To eliminate 
any dependency 
on the 


system clock, the package 
actually 
calculates 
all 
critical 
timing 
parameters 
from a user-supplied 
variable, 
XTAL. After a reset, the package assumes 
a system clock frequency of 11.059200 MHz unless 
told otherwise. 
If the user enters the statement: 


XTAL-12000000 


a 12-MHz system clock is assumed and the proper 
PROM programming 
time calculated. The real-time 
clock pulses and the baud rate for the line printer 
output port are also determined. 
This ability gives 
the designer 
the freedom 
to choose the desired 
system clock frequency 
without 
having 
to worry 
about the internal 
timing of the Basic software. 
Another 
useful aspect of the software's 
PROM 
programming 
capabilities 
is that it stores up to 255 
programs in an EPROM. PROM size, of course, lim- 
its the possible number 
of programs. 
Every time 
PROG 
(or 
FPROG) 
is typed, the software 
responds 


with the file number that has been assigned to that 
program. To call up a given program, the user sim- 
ply types 
ROM X, and the package finds the appro- 
priate one. Typing RUNstarts 
program 
execution. 
Suppose the user discovers an error in a program 
that is stored in EPROM-normally 
bad news be- 
cause such programs cannot be edited. However, the 
package allows a program to be transferred 
from 
EPROM to RAM by typing XFER. 
Once XFER is en- 
tered, the program 
may be edited 
like any other. 
Typing 
PROG 
again saves the edited program. 
Additionally, 
after 
reset, the software 
package 
waits for a space character, 
from which the baud 
rate is derived, to be entered on the serial port. As 
an option, the package can be made, on receiving the 
command 
PROGI 
or FPROG1, 
to save the serial-port 
baud rate information 
in PROM. The next time the 
processor is reset, the package can sign on directly 
without the need to enter a space character. 


ecute directly after reset, bypassing a RUNcom- 
mand. In fact, even the console is no longer 
needed in some embedded systems. Programs 
can be written and debugged with the aid of a 
terminal, and when the programmer is satis- 
fied with the results, 
the hardware 
can be 


embedded in the design and the terminal dis- 
connected. 


On call 


Aside from the features already noted, the 


package contains a host of others that are very 
attractive 
for embedded systems. The CALL 


statement, 
for instance, accesses assembly- 


language routines directly from the package, a 
handy way in which to meet speed require- 
ments. Better still, assembly-language 
pro- 


grams can take advantage ofa complete library 
of routines that reside in the package. The user 
gains access to this library simply by placing a 
specific op code in the accumulator and then 
sending a CALL to location 30,6, 
Suppose, for example, that the assembly- 


language routine reads a 16-bit value, and the 
user would like to calculate the value's square 
root and send it to a particular 
lo<;ation. As- 


suming that the user supplies the 16-bit integer 
to the high- and low-byte registers, R2 and Ro, 


Program 
Pulse 
Program 
Enable 


PROM 
Level 
Shifter 


respectively, the calculation can be made sim- 
ply (Program 1). All told, over 60 routines can 
be invoked by assembly-language programs. 


The software package also controls all of the 


system's 
I/O memory resources. 
To make 
things simple, all of these operations are sym- 
metrical. For example, the operator DBY in the 
statement: 


A = DBY (OFEH) 


assigns the value located at OFE,6 in the chip's 
internal memory to variable A. The statement: 


DBY (OFEH) = 22H 


places 22'6 in internal memory location OFE'6' 
The same symmetry holds for the interrupt 
registers, IE and IP, as well as the timers and 
the timer configuration registers. 


Other special instructions 
are particularly 


Program 
1. Getting 
to the root of a variable 


MOV 
A. #9AH 
;Load 8CCtJmulatorwith op cod. lor placing 
;Register 
pair R2:RO onto argument 
stack 
;Execute 
the operation 
;Specify 
square-root 
routine 


;Execute 
the operatta" 


;Specify truncation 
and integer converston 
;Execute the operation 


CALL 
MOV 
CALL 
MeV 
CALL 


30H 
A. #lFH 
30H 
A, #lH 
30H 


3. With the help 01 an addre •• decoder, 
the I/O on a system 
buill 
around 
the Basic chip can be 
expanded 
at will. One such setup converts 
analog into digital 
and digital 
into analog signals, 
and 
supplies 
a parallel 
I/O port lor a console. 


nl=~IC~1 l:~ITDV 
helpful 
for the designer. 
Thus 
BAUD sets the 
baud rate for the line printer 
port. 
If the de- 
signer 
wants 
to transmit 
at 1200 bauds, he or 
she simply en ters BAUD 1200. CLEARS is used to 
reset all of the package's 
stacks, 
and CLEARLI 


resets all interrupts, 
except the real-time 
clock. 


CLOCK1 
enables 
the real-time 
clock, just 
as 
CLOCKO disables 
it. The value of the clock can 


be read or assigned 
by using the TIME operator. 


ONTIME generates 
an interrupt 
when the TIME 


operator 
reaches 
or exceeds 
a specific 
value. 
ONTIME works 
in much the same way as the 
aforementioned 
ONEXT1 statement. 
Finally, 
the statements 
PHO and 
PH 1, when 
used to- 


4.7k 
To pin0 of port 1 
01 
8052AH-Basic 
chip 
TiP!: 


Ring~ 
-= 


4. To function 
as an autopulse 
dialer, the Basic chip 


needs only a single-pole, 
single-throw, 
normally 


closed relay and an npn transistor 
to drive it. 


Program 2. Placing a call with the software package 


10 
REM MCS BASIC·52 AUTO TELEPHONE DIALER 
20 
STRING 200.20 : REM ALLOCATE MEMORY FOR STRINGS 
30 
REM NAMES ARE STORED AS FOLLOWS - 
40 
REM 
NO. OF DIGITS IN NAME - 
NAME - 
PHONE NUMBER 
50 
REM 
THE "E" REPRESENTS THE END OF FILE 
60 
$(1) ~ "3JOE1234567E" 


40 
$(2l = "4BILL2345678E" 


50 
$(3 
~ "3ANN3456789E" 


60 
INPUT "WHO WOULD YOU LIKE TO DIAL -".$(4) 
70 
FOR 1-1 
TO 3 : REM LOOP TO FIND MATCH 
80 
REM READ THE NUMBER OF DIGITS AND STRIP OF 
ASCII BIAS 
90 
FOR J -1 
TO (ASC~$(9.'1) .AND. OFH) 
~?8 ~L~~~~(4~~M=cMA$~~~+~fl~i~ON~~~tN~~~ET~VT 
I 
I INDEX 
120 
REM I COUNTS THE NAME, J THE PHONE NUMBER 
130 
CLOCK1: 
REM TURN ON THE REAL TIME CLOCK 
140 
DO: 
REM NOW LOOP TO DIAL 
1~:;,c ~AtCt~~,~) 
l~D100FH) 


170 
FOR Y ~ 1 TO C : T = TIME 
180 
PORT1 ~ PORT1 .AND. OFEH : REM OPEN THE LINE 
190 
IF TIME <T 
+ .04 THEN 190 : REM LOOP FOR 40 MS 
200 
PORTl 
= PORT1 .OR. 1 : REM CLOSE THE LINE 
210 
IF TIME <T 
+ .1 THEN 210 : REM LOOP FOR 60 MS 
220 
NEXT Y 
230 
J=J+1: 
WHILE ASC($(I),J)<>ASC(E) 
240 
END 


gether, 
ensure that outputs 
are given in hexa- 
decimal notation. 
PHOsuppresses 
leading zeros, 


and 
PH 1 always 
prints 
out four hexadecimal 
digits. 


Building 
a functioning 
system 
around 
the 


Basic chip is a snap. The designer can link to vir- 
tually any standard 
peripheral 
chip simply by 


assigning 
some location to the peripheral 
in the 


64 kbytes 
of external 
address 
available 
to the 


8-bitdevice. 


Addressing 1/0 


In fact, the software 
actually 
reserves 
the 


chip's upper 8 kbytes of memory 
(from 56 to 64 


kbytes) for I/O. Accessing external 
peripherals 


is accomplished 
by using the XBY, or address, 


operator. 
For example: 


A=XBY 
(OFFFOH) 


reads a peripheral 
or external 
memory location 
that has been decoded for address 
OFFF016and 


assigns its value to the variable 
A. Similarly: 


XBY (OFFFOH) = 55H 


writes 551li to a peripheral 
or memory 
location 


that 
has been decoded 
for address 
OFFFO'6' A 
system consisting 
of an analog-to-digital 
and a 


digital-to-analog 
converter 
plus an 8255 paral- 
lel port, all connected 
to the software 
package, 


is typical 
of process 
control, 
environmental 
monitoring, 
or energy 
management 
applica- 
tions (Fig. 3). 


An autopulse 
telephone 
dialer 
also demon- 
strates 
the versatility 
of the software 
package 
(Fig. 4). This application 
takes advantage 
of the 


logical operators 
as well as the real-time 
clock 


and string 
operations 
(Program 
2). Such dial- 
ing could play an important 
role in many pro- 


cess control 
and remote 
environmental-mon- 
itoring 
systems 
where 
information 
must 
be 


periodically 
sent to a master 
computer 
over a 


phone link. Variations 
on the general 
software 


scheme 
could 
be devised 
to address 
a wide 
variety of automatic 
dialing and automatic 
an- 
swering settings. 0 


INCREASED 
FUNCTIONS 
IN CHIP RESULT IN 
LIGHTER, 
LESS COSTLY PORTABLE 
COMPUTER 


Advances 
in technology 
have made it 
possible to reduce the size and increase 
the 
functionality 
and performance 
of 


computers 
and computer 
peripherals. 
With the help of microtechnology 
it is 


possible to construct a computer termi- 
nal that is smaller 
and lighter than a 
briefcase, 
and that can be connected to 


a mainframe from almost anywhere. 


As more portable computers are intro- 


duced to the marketplace, 
the demand 


for lighter and even smaller systems at 
a lower cost are inevitable. To meet this 
demand changes in the architecture are 
necessary. 


With 
Intel's 
recently 
introduced 
8OC51BH microcontroller several obsta- 
cles in the design of the portable com- 
puter 
have 
been 
overcome. 
The 
8OC51BH is a single chip 8-bit micro- 
controller 
that requires 
a single 
5V 


power supply. 
It has 32 I/O lines. Its 


functionalities 
include excellent bit and 
byte 
manipulation 
capability 
at 


extremely 
high speeds as well as inter- 


facing f1exibilities through the serial and 
parallel channels to intelligent and unin- 
telligent 
devices. 
It can carry its own 


program memory up to 4 Kbytes and has 
various tools and support systems. 


This article discusses the implemen- 


tation of a prototype 
portable terminal 


based on Intel's 
new 8OC51BH micro- 


controller, 
and introduces the tools and 


techniques available to build such a com- 
puter terminal. 
In the application 
dis- 


cussed, the chip monitors the keyboard, 


communicates 
with the host computer at 
very high BAUD 
rates, 
and displays 


information on the screen at slower rates 
for human beings. The chip also moni- 
tors the power supply for switching to 
the battery in case of power failure to 
save valuable data and computer time. 
The prototype is current! y under futher 
development 
at Intel's 
Microcontroller 
Division. 
Introducing 
the SOCSIBH 
Very new in the market, the 8OC51BH 
is a member of Intel's MCS-51 family. 
The MCS-51 is a group of 8-bit micro- 
controllers 
that are extremely powerful 
because of their I/O structure and their 
bit 
manipulating 
capabilities. 
The 
8OC51BH has 4 Kbytes of on-chip pro- 
gram 
memory 
with 
the capability 
to 


address another 60 Kbytes of external 
program memory. In addition it has 128 
bytes of on-chip RAM and can access 
64 Kbytes of external data memory. 


Since the 8OC5lBH is CMOS, it has 


very low power consumption (15 mA at 
5V, 
12 MHz). In addition, 
it has two 
power saving features not available 
in 
HMOS versions of the family. These are 
the Idle and Power Down modes, which 
are controlled 
by software 
and further 
reduce 
power 
comsumption. 
These 
power saving features make it ideal for 
battery-operated 
backed-up systems. 


DIsplay device 
The display device of this portable ter- 
minal is a 25-line x 80-character Liquid 
Crystal Display (LCD). It is capable of 


displaying 
the same number of charac- 


ters as a typical CRT, and it is not as 
bulky or heavy as the latter. 


LCOs can be divided into two large 


categories: 
smart 
LCOs 
and 
dumb 


LCOs. 
Those 
displays 
that 
have 
the 


capability to receive a byte of ASCII and 
translate it into a displayed character are 
considered 
smart. 
On the other hand, 


dumb displays are only a matrix of dots. 
The former type has some kind of con- 
troller of its own plus a small memory 
to hold the look-up table of characters 
(character 
generator). 
When 
using 
a 


dumb display the microcontroller 
has to 


address and turn on the correct dots to 
make a character, 
this means more I/O 


pins will be required. However, it gives 
extra capabilities 
such as graphic 
dis- 


plays and special or custom 
character 


generation. 


Both 
types 
of displays 
normally 


accept 
data 
through 
an 8-bit 
bus. 


Although the LCD is relatively slow, it 
can still share the bus with a memory 
device without any degradation 
of the 


system performance. 
Keyboard 
Depending on their task and purpose, 


keyboards 
vary in shape, size, and the 


number of keypads. The keyboard for a 
computer 
terminal, 
as a minimum, 


should have all the alphanumeric 
keys 


(standard typewriter) plus a Control, an 
Escape, and optionally, 
some Function 


keys. 


As the diagram in Figure 
I shows a 


typical keyboard 
consists of a matrix of 
eight scan lines and eight receive lines. 
The scan lines are connected 
to Port 0 
of the microcontroller, 
and receive lines 
are connected 
to Port 
I. The software 
writes Os to Port 0 to hold the scan lines 
at a logic Low, and it writes 
Is to Port 
I to hold 
the receive 
lines 
at a logic 
High. Pressing one of the keys connects 
a scan line to receive 
a line and pulls 
that receive 
line Low. 
Besides being used for the scan lines, 
Port 0 is also the bus for the data buffer 
RAM 
and the display 
unit. 
While 
the 
controller 
is talking to the RAM or to 
the display, 
the bus must not be used by 
other 
devices 
or 
bus 
contention 
can 
occur. Since the microcontoller 
initiates 
the access to the display and to the data 
buffer 
RAM, 
no conflict 
can 
occur 
between 
them. 
However, 
if more than 
one key on the same receive line is held 
down simultaneously 
while the RAM or 
the display 
is being accessed, 
it is pos- 
sible to foul up the information 
being 
transferred. 
Thus, 
to avoid bus conten- 
tion, diodes 
DI through 
D8 are placed 
on the scan lines, as shown in Figure I. 
All the receive 
lines are ANDed 
to 
External Interrupt 
I, so that pulling any 
of the receive lines Low will generate an 
interrupt. 
The interrupt service routine, 
adapts the "two 
key lock-out" 
system 
and identifies the pressed key. This sys- 
tem allows only one key to be pressed 
simultaneously, 
all of them 
will 
be 
ignored. 


On 
some 
keyboards, 
certain 
keys 
(such as Shift, 
Control 
or Escape) 
are 
not a part of the line matrix. These keys 
connect 
directly 
to a port pin on the 
microcontroller. 
They would not cause 
lock-out 
if pressed 
simultaneously 
with 
a matrix key, n~r generate 
an interrupt 
if pressed 
singly. 
However, 
if they are 
part of the matrix, 
then the software has 
to recognize 
those keys and take proper 
action depending 
on the function of the 
pressed key. 
Normally, 
when a key is pressed, 
the 
microcontroller 
is in the Idle mode and 
no other task is in progress. 
Pressing 
a 
key on the matrix generates an interrupt, 
which 
terminates 
the Idle 
mode. 
The 
interrupt service routine first calls a sub- 
routine 
to provide 
a delay of approxi- 
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mately 25 msec (to debounce 
the key), 
and to perform 
the task of identifying 
which key is down. 
Tl)ere are a number of ways that the 
interrupt service routine can identify the 
press key. One way is to utilize the bit- 
addressing 
capabilities 
of the 80C51 BH 
to test each bit of the receive lines for a 
zero, which generated the interrupt, and 
records 
the bit position. 
Then write Os 
to the receive lines, Is to the scan lines, 
test the scan lines for a zero, and record 
its position. 
If the controller 
finds more 
than one zero on each port, it will dis- 
continue 
any further 
processing 
and 
return to the main program. 
Once the bit positions 
that contain 0 
are recorded, 
they are used as the address 
for the characters 
in the look-up table. 


The subroutine 
finds the character 
that 
corresponds 
to the 
pressed 
key. 
The 
character 
is represented 
in ASCII code. 
The look-up table is a list of the ASCII 
representation 
of each keypad character, 
and is stored in the program 
memory. 
The order in which they sit corresponds 
to the address generated by the scan sub- 
routine when that character is pressed on 
the keyboard. 
Serial communication 
Once 
the 
8OC51BH 
has the ASCII 
code generated from a key closure, it can 
send it through its Serial Channel to the 
host computer. 
The 
serial port of the 
microcontroller 
can be programmed 
for 
all of the standard 
rates up to 375K. If 
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the terminal 
is to be connected 
directly 


to the mainframe, 
a simple circuit trans- 
lates the TTL levels to the RS232 level. 
The circuit also eliminates 
the need for 
the 
-12V 
supply required 
for RD232. 


The circuit diagram 
is shown in Figure 
2. 
However, 
the primary 
application 
of 
this terminal 
is to be the traveling 
per- 
son's window to the central system from 
any remote location. 
In this application 
a modem 
is needed. 
There 
are many 
types of modems available. 
Some are on 
PC boards for OEM use and others are 
ready to connect directly to the telephone 
by the user. They also vary in size, per- 
formance, 
and the way they communi- 
cate. A proper modem 
for the portable 
terminal should be small enough to carry' 
in a briefcase 
and preferably 
be a low- 
power device. 
When an ASCII code is 


received by the host computer, 
it records 
that code and echoes it back to the micro- 
controller which displays it on the LCD. 
The serial port of the 8OC51BH can 
generate interrupts every time it receives 
or transmits information. 
The serial port 
interrupt must have service priority over 
the external 
interrupt 
generated 
by the 
keyboard. 
The high priority enables the 
serial port to receive data any time the 
computer 
addresses 
the 
terminal 
and 
transmits 
data. 
The serial port interrupt 
service rou- 
tine transfers 
the received 
data to the 
display or to a memory buffer, depend- 


ing on the mode selected by a function 
key. One mode of this function key tells 
the controller 
to move the received data 
directly to the display. 
The other mode 
stores 
pages 
of the information 
in the 
buffer RAM, so that the user can edit or 
display the data, one page at a time, on 
the LCD 
without 
using the main sys- 
tem's 
CPU time. 
Data buffer memory 
The data 
buffer 
RAM 
is temporary 
storage 
for 
the 
information 
which 
is 
either 
generated 
at the 
terminal 
or 
retrieved 
from the central 
system. 
The 
user can display 
portions 
of the stored 
information or scroll through it. The user 
can also alter the data on the terminal 
and transmit 
it back to the computer 
in 
a block form. 
A suitable device for this purpose 
is 
the 
51C86 
iRAM. 
This 
device 
is 
a 
pseudo-static 
dynamic 
RAM that has a 
built-in address latch. An internal high- 
speed 
arbitration 
circuit 
resolves 
any 
potential 
conflict 
arising between 
read! 


write and internal refresh cycles. 
This iRAM is 8K x 8-bit and is suf- 
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ficient for buffering 
large blocks of.data 
storage. The serial port interrupt service 
routine 
takes the data from the SBUF 
register and writes it to the iRAM. Two 
index pointers in the serial port interrupt 
service 
routine 
help keep track of the 
incoming 
and outgoing 
iRAM data. 
There are times the controller 
has to 
wait for reasons 
such as the debounce 
delay 
in the scan subroutine 
or when 
writing 
to the display, 
and must slow 
down. 
While the 80C5lBH 
is waiting, 
it goes into the Idle mode until one of 
the timers, 
which programmed 
to run, 
times out and generates an interrupt. The 
interrupt service routine for this type of 
interrupt 
is a short one, it sets or clears 
one or more flags and returns to continue 
the task that was in progress before going 
into the Idle mode. 
The controller is also in the Idle mode 
when there is no activity in the terminal, 
i.e., 
no data is being received or trans- 
mitted, 
and the keyboard 
is not being 
used. Therefore, 
is is appropriate 
to say 
that when power 
is applied to the ter- 
minal, the controller 
spends more than 
90% of its time in the Idle mode. 
What is the Idle mode? 
When 
Bit 0 in the Special 
Function 
Register PeON 
is set, the CPU gates off 


its own internal clock and goes to sleep. 
Since the CPU consumes 
about 90% of 
the chip's 
power, 
this process 
saves a 
significant 
amount 
of power. 
More 
importantly 
the on chip peripherals 
and 
the RAM 
continue 
their normal 
func- 
tions independently 
of the CPU. 
Since 
the oscillator 
is still running, 
any ena- 
bled interrupt 
(internal or external) 
will 
wake the CPU up from its sleep, and it 
will start executing instructions 
from the 
interrupt 
service routine. 
A true portable 
terminal 
should 
be 
capable 
of operating 
from 
a battery 
source. 
There are occasions 
when one 
would like to use the terminal 
at a loca- 
tion where an electric outlet is not readily 
available. 
But the main purpose 
of the 
battery supply is to save the data, which 
has been entered and stored in the buffer 
RAM, 
in the 
case 
of 
an unexpected 
power failure. 
While performing 
all of the previously 
mentioned 
tasks, 
the 
80C5l 
BH can 
monitor its power supply, detect a power 
loss in its earliest 
stages, 
and initiate a 
power Down to save the data of the inter- 
nal and external 
RAM. 
One method for the 8OC51BH to mon- 
itor its power supply is to have the pos- 
itive 
half-cycles 
of the power 
supply 
transformer 
fed to the External Interrupt 
o pin (Figure 
3). In the level activated 
mode, 
this pin generates 
an interrupt 
every time there is a high to low tran- 
sition. 
The 
interrupt 
service 
routine 
reloads Timer 0 to a value that will make 
it overflow 
sometime 
between 
one and 
two periods 
of the line frequency. 
As 
long as the half cycles keep coming in, 
the timer never overflows, 
because 
it is 
reloaded every half a cycle. If there is a 
single half a cycle in which the line volt- 
age does not reach a high enough level 
to generate 
the interrupt, 
the timer rolls 
over and generates 
a timer interrupt. 


The 
interrupt 
service 
routine 
for 
Timer 0 saves the critical data of some 
of the internal registers and puts the con- 
troller into a Power down mode. A reset 
button 
restarts 
the 
microcontroller 
to 
resume 
operation 
when 
power 
is 
restored. 
In this mode the CPU and all of the 
on-chip 
peripherals 
go to sleep. 
The 
device stops its oscillator, 
freezes all the 
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Down mode is the last one executed. The 
only way for the part to exit this mode 
is with a hardware 
reset. 


A prototype of this terminal was built 


and connected 
to a MDS 800 develope- 


ment 
system. 
The terminal 
communi- 
cated with the host computer through the 
serial channel at the rate of 2400 baud. 
The 
80C51 BH was 
emulated 
using 


Intel's 
ICE-51 in circuit emulator. 
The 


block diagram of the terminal 
is shown 


in Figure 4. 


The 
CHMOS 
controller 
and 
LCD 
combination 
provides 
a system 
that 


requires 
only 
a single 
voltage 
power 
supply, 
and 
consumes 
less 
than 
200 


mW. 
The 
system's 
low 
power 
con- 


sumption 
eliminates 
the need for com- 


plex, 
voltage-regulating 
hardware, 
and 


cooling fans. The result is a lighter and 
smaller computer 
terminal at a very low 


cost. 
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activities and saves the information in its 
internal RAM for as long as the supply 
voltage 
can be reduced 
to as low as 2 


volts without running any risks of losing 
the internal 
RAM information. 
Supply 


current 
in this mode is normally 
10 to 
50 !LA. 


Bit I of the Special Function Register 
PeON 
controls this mode. The instruc- 
tion that puts the device 
in the Power 
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CHAPTER 12 
THE SINGLE COMPONENT 
MCS®-48 SYSTEM 


Sections 
12.1 through 
12.4 describe 
in detail 
the func- 
tional characteristics 
of the 8748H and 8749H EPROM, 
8048AH/8049AH/8050AH 
ROM, 
and 
8035AHLI 
8039AHU8040-AHL 
CPU only single component 
micro- 


computers. 
Unless 
otherwise 
noted, 
details 
within these 
sections 
apply to all versions. 
This chapter 
is limited 
to 
those functions 
useful 
in single-chip 
implementations 
of 
the MCS~-48. 
Chapter 
14 discusses functions 
which allow 
expansion 
of program 
memory, 
data memory, 
and input 
output capability. 


The following 
sections 
break 
the MCS-48 
Family 
into 
functional 
blocks and describe 
each in detail. The follow- 
ing description 
will use the 8048AH 
as the representative 
product 
for the family. 
See Figure 
14.1. 


The arithmetic 
section of the processor 
contains 
the basic 
data manipulation 
functions 
of the 8048AH 
and can be 
divided 
into the following 
blocks: 


In a typical 
operation 
data stored 
in the accumulator 
is 
combined 
in the ALU with data from another 
source on 
the internal 
bus (such as a register 
or I/o port) and the 
result is stored in the accumulator 
or another 
register. 


The following 
is more detailed description 
of the function 
of each block. 


The operation 
code 
(op code) 
portion 
of each program 
instruction 
is stored in the Instruction 
Decoder 
and con- 
verted to outputs 
which 
control 
the function 
of each of 
the blocks of the Arithmetic 
Section. 
These lines control 
the source of data and the destination 
register 
as well as 
the function 
performed 
in the ALU. 


The ALU accepts 8-bit data words from one or two sources 
and generates 
an 8-bit result under control of the Instruc- 
tion 
Decoder. 
The 
ALU 
can 
perform 
the 
following 
functions: 


• 
Add With or Without 
Carry 
• 
AND, 
OR, Exclusive 
OR 
• 
Increment/Decrement 
• 
Bit Complement 
• 
Rotate Left, Right 
• 
Swap Nibbles 
• 
BCD Decimal 
Adjust 


If the operation 
performed 
by the ALU results in a value 
represented 
by more than 8 bits (overflow 
of most sig- 
nificant 
bit), 
a Carry 
Flag is set in the Program 
Status 
Word. 
- 


The accumulator 
is the single most important 
data register 
in the processor, 
being one of the sources of input to the 
ALU and often the destination 
of the result of operations 
performed 
in the ALU. 
Data to and from I/O ports and 
memory 
also normally 
passes through 
the accumulator. 


Resident program memory consists of 1024, 2048, or 4096 
words eight bits wide which are addressed 
by the program 
counter. 
In the 8748H and the 8749H this memory is user 
programmable 
and 
erasable 
EPROM; 
in the 
8048AHI 


8049AHl8050AH 
the memory 
is ROM 
which 
is mask 
programmable 
at the factory. 
The 8035AHU8039AHU 
8040AHL 
has no internal 
program 
memory 
and is used 
with external 
memory 
devices. 
Program 
code 
is com- 
pletely 
interchangeable 
among 
the various 
versions. 
To 
access the upper 2K of program 
memory 
in the 8050AH, 


and other MCS-48 
devices, 
a select memory 
bank: and a 
JUMP or CALL instruction 
must be executed 
to cross the 
2K boundary. 


There are three locations 
in Program 
Memory 
of special 
importance 
as shown in Figure 
12.2. 


LOCATION 
0 
Activating 
the Reset line of the processor 
causes the first 
instruction 
to be fetched 
from location 
O. 


LOCATION 
3 
Activating 
the Interrupt 
input 
line of the processor 
(if 
interrupt 
is enabled) 
causes 
a jump 
to subroutine 
at 10- 


, cation 3. 


LOCATION 
7 
A timer/counter 
interrupt 
resulting 
from 
timer 
counter 
overflow (if enabled) 
causes a jump to subroutine 
at loca- 
tion 7. 


Therefore, 
the first instruction 
to be executed 
after ini- 


tialization 
is stored 
in location 
0, the first word of an 
external 
interrupt 
service 
subroutine 
is stored in location 
3, and the first word of a timer/counter 
service 
routines 
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is stored in location 7. Program memory can be used to 
store constants as well as program instructions. Instruc- 
tions such as MOVP and MOVP3 allow easy access to 
data "lookup" tables. 
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Figure 12-2. Program 
Memory 
Map 


12.1.3 Data Memory 


Resident data memory is organized as 64, 128, or 256 by 
8-bits wide in the 8048AB, 8049AH and 8050AH. All 
locations are indirectly addressable through either of two 
RAM Pointer Registers which reside at address 0 and I 
of the register array. In addition, as shown in Figure 12-3, 
the first 8 locations (0-7) of the array are designated as 
working registers and are directly addressable by several 
instructions. Since these registers are more easily ad- 
dressed, they are usually used to store frequently accessed 
intermediate results. The DINZ 
instruction makes very 


efficient use of the working registers as program loop 
counters by allowing the programmer to decrement and 
test the register in a single instruction. 


By executing a Register Bank Switch instruction (SEL 
RB) RAM locations 24-31 are designated as the working 


registers in place of locations 0-7 and are then directly 
addressable. This second bank of working registers may 
be used as an extension of the first bank or reserved for 
use during interrupt service subroutines allowing the reg- 
isters of Bank 0 used in the main program to be instantly 
"saved" by a Bank Switch. Note that if this second bank 
is not used, locations 24-31 are still addressable as general 
purpose RAM. Since the two RAM pointer Registers RO 
and R1 are a part of the working register array, bank 
switching effectively creates two more pointer registers 
(ROland RlI) which can be used with ROand RI to easily 
access up to four separate working areas in RAM at one 
time. RAM locations (8-23) also serve a dual role in that 
they contain the program counter stack as explained in 
Section 12.1.6. These locations are addressed by the Stack 
Pointer during subroutine calls as well as by RAM Pointer 
Registers ROand RI. If the level of subroutine nesting is 
less than 8, all stack registers are not required and can be 
used as general purpose RAM locations. Each level of 
subroutine nesting not used provides the user with two 
additional RAM locations. 
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(127) 
«255)) 
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OR 
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16 x 8 
R1 OR RO 
(RO' OR R1') 


8 
7 
BANKO 
I 
WORKING 
DIRECTLY 
REGISTERS 
ADDRESSABLE 
8x8 
WHEN 
BANK 
0 


~.:- 
-=--=-==,Rl =-=- -=--=- 
IS SELECTE,D 
o 
RO 


IN ADDITION 
RO OR R1 (RO' OR R1') 
MAY BE USED 
TO ADDRESS 
256 
( ) 8049AH, 
8749H, 
WORDS 
OF EXTERNAL 
RAM. 
(( 
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8050AH 
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-100 
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The 8048AH 
has 27 lines which can be used for input or 
output functions. 
These lines are grouped 
as 3 ports of 8 
lines each which 
serve as either inputs, 
outputs 
or bidi- 
rectional 
ports and 3 "test" 
inputs which can alter pro- 
gram 
sequences 
when 
tested 
by 
conditional 
jump 
instructions. 


Ports 
1 and 2 are each 
8 bits wide and have 
identical 
characteristics. 
Data 
written 
to these 
ports 
is statically 
latched 
and remains 
unchanged 
until rewritten. 
As input 
ports 
these 
lines are non-latching, 
Le., 
inputs 
must be 
present until read by an input instruction. 
Inputs are fully 
1TL compatible 
and outputs will drive one standard TIL 
load. 


The lines of ports 
1 and 2 are called quasi-bidirectional 
because of a special output circuit structure 
which allows 
each line to serve as an input, 
and output, 
or both even 
though outputs 
are statically 
latched. 
Figure 
12-4 shows 


the circuit 
configuration 
in detail. 
Each line is continu- 
ously 
pulled 
up to VCC 
through 
a resistive 
device 
of 


relatively 
high impedance. 


This pullup is sufficient 
to provide 
the source current 
for 
a TIL 
high level yet can be pulled low by a standard TIL 


gate thus allowing 
the same pin to be used for both input 
and output. 
To provide 
fast switching 
times in a "0" 
to 


"1" 
transition 
a relatively 
low 
impedance 
device 
is 


switched in momentarily 
(= 1/5 of a machine cycle) when- 
ever a "I" 
is written to the line. When a "0" 
is written 
to the line a low impedance 
device 
overcomes 
the light 
pullup and provides TIL 
current sinking capability. 
Since 
the pull down transistor 
is a low impedance 
device a •'1" 
must first be written to any line which is to be used as an 
input. Reset initializes 
all lines to the high impedance' 
'I " 


state. 


It is important 
to note that the ORL and the ANL are read! 
write operations. 
When 
executed, 
the 
JLC "reads" 
the 
port, modifies 
the data according 
to the instruction, 
then 


"writes" 
the data back to the port. 
The "writing" 
(es- 
sentially an OUTL instruction) 
enables the low impedance 
pull-up momentarily 
again even if the data was unchanged 


from a "1." 
This specifically 
applies 
to configurations 
that have inputs and outputs 
mixed together 
on the same 
port. See also section 
13.7. 


Bus is also an 8-bit port which is a true bidirectional 
port 


with associated 
input and output 
strobes. 
If the bidirec- 
tional 
feature 
is not needed, 
Bus can serve 
as either 
a 


statically 
latched 
output 
port or non-latching 
input port. 


Input 
and 
output 
lines 
on 
this 
port 
cannot 
be 
mixed 
however. 


As a static port, data is written and latched using the OUTL 
instruction 
and inputted 
using 
the INS instruction. 
The 
INS and OUTL 
instructions 
generate 
pulses on the cor- 
responding 
RD and WR output 
strobe lines; however, 
in 
the static port mode 
they are generally 
not used. 
As a 
bidirectional 
port the MOVX instructions 
are used to read 
and write the port. A write to the port generates 
a pulse 
on the WR out~ 
line and output 
data 
is valid 
at the 
trailing edge of WR. A read of the port generates 
a pulse 
on the RD output line and input data must be valid at the 
trailing edge of RD. When not being written or read, the 
BUS lines are in a high impedance 
state. See also sections 
13.6 and 13.7. 


12.1.5 Test and INT Inputs 


Three pins serve as inputs and are testable 
with the con- 
ditional 
jump 
instruction. 
These 
are TO, n, and INT. 


These pins allow inputs to cause program branches without 
the necessity 
to load an input port into the accumulator. 


The TO, n, and INT pins have other possible 
functions 
as well. See the pin description 
in Section 
12.2. 


12.1.6 Program Counter and Stack 


The Program Counter is an independent 
counter while the 
Program Counter Stack is implemented 
suing pairs of reg- 
isters in the Data Memory 
Array. 
Only 10, 11, or 12 bits 


of the Program 
Counter 
are used 
to address 
the 
1024, 


2048, or 4096 words of on-board 
program 
memory of the 
8048AH, 
8049AH, 
or 8050AH, 
while the most significant 
bits can be used for external 
Program 
Memory 
fetches. 


See Figure 
12.5. 
The Program 
Counter 
is initialized 
to 
zero by activating 
the Reset line. 


I 
ConYentional 
Program 
Counter 
• 
Counts 
OOOH to 7FFH 
• 
Overflows 
7FFH 
to OOOH 


An interrupt or CALL to a subroutine 
causes the contents 


of the program counter to be stored in one of the 8 register 
pairs of the Program 
Counter 
Stack as shown 
in Figure 
12-6. The pair to be used is determined 
by a 3-bit Stack 
Pointer which is part of the Program 
Status Word (PSW). 


TER 
• 


-.- 


·• 
•· 
:·~: 
•· 
PSW 
· 
PC8~11 


PC4~7 
: 
PCO~3 


POIN 


111 


Data RAM locations 
8~23 are available 
as stack registers 
and are used to store the Program 
Counter 
and 4 bits of 
PSW as shown 
in Figure 
12~6. The Stack Pointer 
when 
initialized 
to 000 points to RAM locations 
8 and 9. The 
first subroutine 
jump 
or interrupt 
results 
in the program 
counter contents 
being transferred 
to locations 
8 and 9 of 
the RAM array. The stack pointer is then incremented 
by 
one to point 
to locations 
10 and 
II 
in anticipation 
of 
another CALL. 
Nesting of subroutines 
wihtin subroutines 
can continue 
up to 8 times without overflowing 
the stack. 


If overflow 
does occur the deepest 
address 
stored (loca- 
tions 8 and 9) will be overwritten 
and lost since the stack 
pointer overflows from III 
to 000. It also underflows 
from 
000 to Ill. 


The end of a subroutine, 
which 
is signalled 
by a return 
instruction 
(RET or RETR), 
causes 
the Stack Pointer 
to 
be decremented 
and the contents 
of the resulting 
register 
pair to be transferred 
to the Program 
Counter. 


An 8~bit status word which can be loaded to and from the 
accumulator 
exists 
called 
the 
Program 
Status 
Word 
(PSW). 
Figure 
12~7 shows 
the information 
available 
in 


the word. The Program Status Word is actually a collection 
of flip~flops throughout 
the machine 
which can be read or 


written 
as a whole. 
The ability 
to write to PSW allows 


for easy restoration 
of machine 
status after a power down 
sequence. 


CY 
CARRY 
AC 
AUXILIARY 
CARRY 
FO 
FLAG 0 
BS 
REGISTER 
BANK 
SELECT 


The upper 
four bits of PSW are stored 
in the Program 
Counter 
Stack with every call to subroutine 
or interrupt 
vector 
and are optionally 
restored 
upon 
return 
with the 
RETR 
instruction. 
The RET return 
instruction 
does not 
update PSW. 


Working 
Register 
Bank Switch Bit (BS) 


0= 
Bank 0 
I = Bank 
I 


Flag 0 bit (FO) user controlled 
flag which can 
be complemented 
or cleared, 
and tested with 
the conditional 
jump instruction 
JFO. 


Auxiliary 
Carry 
(AC) carry bit generated 
by 
an ADD instruction 
and used by the decimal 
adjust instruction 
DA A. 


Carry (CY) carry flag which indicates 
that the 
previous 
operation 
has resulted 
in overflow 
of 


the accumulator. 


The conditional 
branch logic within the processsor 
enables 


several 
conditions 
internal 
and external 
to the processor 
to be tested by the users program. 
By using the conditional 
jump 
instruction 
the conditions 
that are listed 
in Table 
12-1 can effect a change 
in the sequence 
of the program 
execution. 


Jump Conditions 
Device 
Testable 
(Jum 
On) 


not all 
Accumulator 
All zeros 
zeros 
Accumulator 
Bit 
- 
I 
Carry Hag 
0 
I 
User Flags (FO, FI) 
- 
1 
Timer Overflow 
Flag 
- 
1 
Test Inputs (TO,2!) 
0 
1 
Interrupt 
Input (INT) 
0 
- 


An interrupt 
sequence 
is initiated 
by applying 
a low "0" 
level input to the INT pin. Interrupt 
is level triggered 
and 
active low to allow "WIRE 
ORing" 
of several interrupt 
sources 
at the input pin. Figure 
12-8 shows the interrupt 
logic of the 8048AH. 
The Interrupt 
line is sampled every 
instruction 
cycle 
and when 
detected 
causes 
a "call 
to 
subroutine" 
at location 
3 in program 
memory 
as soon as 
all cycles of the current 
instruction 
are complete. 
On 2- 
cycle instructions 
the interrupt 
line is sampled on the 2nd 
cycle only. INT must be held low for at least 3 machine 
cycles 
to ensure 
proper 
interrupt 
operations. 
As in any 
CALL to subroutine, 
the Program 
Counter 
and Program 
Status word are saved in the stack. 
For a description 
of 
this operation 
see the previous 
section, 
Program 
Counter 
and Stack. 
Program 
Memory 
location 
3 usually contains 
an unconditional 
jump 
to an interrupt 
service 
subroutine 
elsewhere 
in program 
memory. 
The end of an interrupt 
service subroutine 
is signalled by the execution 
of a Return 
and Restore Status instruction 
RETR. The interrupt system 
is single 
level in that once 
an interrupt 
is detected 
all 
further interrupt requests 
are ignored until execution 
of an 
RETR reenables 
the interrupt 
input logic. This occurs at 
the beginning 
of the second cycle of the RETR instruction. 
This 
sequence 
holds 
true also for an internal 
interrupt 
generated 
by timer overflow. 
If an internal timer/counter 
generated 
interrupt 
and an external 
interrupt 
are detected 
at the same time, the external 
source will be recognized. 


See the following 
Timer/Counter 
section for a description 
of timer interrupt. 
If needed, 
a second external 
interrupt 
can be created 
by enabling 
the timer/counter 
interrupt, 
loading 
FFH 
in the 
Counter 
(ones 
less 
than 
terminal 
count), 
and enabling 
the event counter 
mode. 
A "I" 
to 
"0" 
transition 
on the TI input will then cause an interrupt 
vector to location 
7. 


The 
interrupt 
input 
may 
be enabled 
or disabled 
under 
Program 
Control 
using the EN I and DIS I instructions. 
Interrupts 
are disabled 
by Reset and remain 
so until en- 


abled by the users program. 
An interrupt 
request must be 
removed 
before 
the RETR 
instruction 
is executed 
upon 
return 
from the service 
routine 
otherwise 
the processor 
will re-enter 
the service 
routine 
immediately. 
Many pe- 
ripheral 
devices 
prevent 
this situation 
by resetting 
their 
interrupt 
request 
line whenever 
the processor 
accesses 
(Reads or Writes) 
the peripherals 
data buffer register. 
If 
the interrupting 
device 
does 
not require 
access 
by the 
processor, 
one output 
line of the 8048AH 
may be des- 
ignated as an "interrupt 
acknowledge" 
which is activated 
by the service 
subroutine 
to reset the interrupt 
request. 


The !NT pin may also be tested using the conditional jump 
instruction IN!. This instruction 
may be used to detect the 
presence 
of a pending 
interrupt 
before 
interrupts 
are en- 
abled. 
If interrupt 
is left disabled, 
INT may be used as 
another 
test input like TO and Tl. 


The 8048AH contains a counter to aid the user in counting 
external events and generating 
accurate 
time delays with- 
out placing a burden on the processor 
for these functions. 


In both modes the counter operation 
is the same, the only 
difference 
being the source 
of the input to the counter. 


The timer/event 
counter 
is shown in Figure 
12-9. 


The 8-bit binary counter 
is presettable 
and readable 
with 
two MOV instructions 
which transfer 
the contents 
of the 
accumulator 
to the counter 
and vice versa. 
The counter 
content may be affected by Reset and should be initialized 
by software. 
The counter 
is stopped by a Reset or STOP 
TCNT 
instruction 
and remains 
stopped 
until started as a 
timer by a START 
T instruction 
or as an event counter 
by a START 
CNT instruction. 
Once started 
the counter 
will increment 
to this maximum 
count (FF) and overflow 
to zero continuing 
its count until stopped by a STOP TCNT 
instruction 
or Reset. 


The increment 
from maximum 
count to zero (overflow) 
results in the setting of an overflow 
flag flip-flop and in 
the generation 
of an interrupt 
request. 
The state of the 
overflow flag is testable with the conditional 
jump instruc- 
tion ITF. The flag is reset by executing 
a JTF or by Reset. 


The interrupt 
request 
is stored in a latch and then ORed 
with the external 
interrupt 
input INT. The timer interrupt 
may be enabled or disabled 
independently 
of external 
in- 
terrupt by the EN TCNTI 
and DIS TCNTI 
instructions. 


If enabled, 
the counter 
overflow 
will cause a subroutine 
call to location 7 where the timer or counter service routine 
may be stored. 


If timer and external 
interrupts 
occur simultaneously, 
the 
external 
source will be recognized 
and the Call will be to 


JTF 
EXECUTED 


RESET 


TIMER 
INT 
RECOGNIZED 
EXECUTED 


DISTCNTI 
EXECUTED 


RESET 


ALE 
LAST 
CYCLE 
OFINST. 
ENI 
EXECUTED 


DISI 
EXECUTED 
RESET 


TIMER 
OVERFLOW 
FF 


S 
Q 


TIMER 
INT 
ENABLE 


R 
a 


0 


INT 
FF 
a 
CLK 


S 
Q 


INT 
ENABLE 


R 


INTERRUPT 
CALL 
EXECUTED 


CLR 
EXTERNAL 
o 
a 
INTERRUPT 
RECOGNIZED 


TIMER 
INTERRUPT 
RECOGNIZED 


S 
Q 


INTERRUPT 
IN 
PROGRESS 
FF 


RESET 


RETR 
EXECUTED 


1. WHEN 
INTERRUPT 
IN PROGRESS 
FLIP-FLOP 
IS SET 
ALL 
FURTHER 
INTERRUPTS 
ARE LOCKED 
OUT 
INDEPENDENT 
OF STATE 
OF EITHER 
INTERRUPT 
ENABLE 
FLIP-FLOP. 


2. WHILE 
TIMER 
INTERRUPTS 
ARE 
DISABLED 
TIMER 
OVERFLOW 
Ilf WILL 
NOT 
STORE 
ANY 
OVERFLOW 
THAT 
OCCURS. 
TIMER 
FLAG 
WILL 
BE SET, HOWEVER. 


location 
3. Since the timer interrupt 
is latched 
it will re- 
main 
pending 
until 
the external 
device 
is serviced 
and 
immediately 
be recognized 
upon return from the service 
routine. 
The pending 
timer interrupt 
is reset by the Call 
to location 
7 or may 
be removed 
by executing 
a DIS 
TCNTI 
instruction. 


Execution 
of a START 
CNT instruction 
connects 
the T I 
input pin to the counter 
input 
and enables 
the counter. 


The T1 input is sampled 
at the beginning 
of state 3 or in 
later MCS-48 
devices 
in state time 4. Subsequent 
high to 
low transitions 
on T I will cause the counter to increment. 


T1 must be held low for at least I machine cycle to insure 
it won't 
be missed. 
The 
maximum 
rate at which 
the 
counter 
may be incremented 
is once per three instruction 
cycles (every 5.7 p.sec when using an 8 MHz crystal)- 
there is no minimum 
frequency. 
TI 
input must remain 
high for at least 115 machine 
cycle after each transition. 


Eexcution 
of a START T instruction 
connects 
an internal 
clock to the counter 
input and enables 
the counter. 
The 
internal clock is derived bypassing the basic machine cycle 
clock 
through 
a + 32 prescaler. 
The 
prescaler 
is reset 
during the START 
T instruction. 
The resulting 
clock in- 
crements 
the counter 
every 
32 machine 
cycles. 
Various 
delays from I to 256 counts can be obtained 
by presetting 
the counter and detecting overflow. 
Times longer than 256 
counts 
may be achieved 
by accumulating 
multiple 
over- 
flows in a register 
under software 
control. 
For time res- 


olution less than I count an external 
clock can be applied 
to the T1 input 
and the 
counter 
operated 
in the event 
counter 
mode. 
ALE divided 
by 3 or more can serve as 
this external 
clock. 
Very small delays 
or "fine 
tuning" 
of larger delays can be easily accomplished 
by software 
delay loops. 


Often a serial link is desirable 
in an MCS-48 family mem- 
ber. Table 
12-2 lists the timer counts 
and cycles needed 
for a specific baud rate given a crystal frequency. 


12.1.11 Clock and Timing Circuits 


Timing generation 
for the 8048AH 
is completely 
selfcon- 
tained with the exeception 
of a frequency 
reference 
which 
can be XTAL, ceramic resonator, 
or external clock source. 
The Clock and Timing 
circuitry 
can be divided 
into the 
following 
functional 
blocks. 


The on-board 
oscillator 
is a high gain parallel 
resonant 
circuit with a frequency 
range of I to II MHz. 
The XI 
external 
pin is the input to the amplifier 
stage while X2 
is the output. 
A crystal 
or ceramic 
resonator 
connected 
between XI and X2 provides 
the feedback 
and phase shift 
required for oscillation. 
If an accurate frequency 
reference 
is not required, 
ceramic 
resonator 
may be used in place 
of the crystal. 


For accurate 
clocking, 
a crystal 
should be used. 
An ex- 
ternally 
generated 
clock 
may also be applied 
to XI-X2 
as the frequency 
source. 
See 
the data 
sheet 
for more 
information. 


Frequency 
Tcy 
TO Prr(1/5 
Tcy) 
Timer 
Prescaler 
(MHz) 
(32 Tcv) 


4 
3.75jLS 
750ns 
120jLS 
6 
2.50jLS 
500ns 
80jLS 
8 
1.88jLS 
375ns 
60.2jLS 
11 
1.36jLS 
275ns 
43.5jLS 


Baud 
4 MHz 
6 MHz 
8 MHz 
11 MHz 
Rate 
Timer 
Counts + 
Timer 
Counts + 
Timer Counts 
+ 
Timer 
Counts 
+ 


Instr. Cycles 
Instr. Cycles 
Instr. Cycles 
Instr. Cycles 


110 
75 + 24 Cycles 
113 + 20 Cycles 
151 + 3 Cycles 
208 + 28 Cycles 
.01% Error 
.01% Error 
.01% Error 
.01% Error 


300 
27 + 24 Cycles 
41 + 21 Cycles 
55 + 13 Cycles 
76 + 18 Cycles 


.1% Error 
.03% Error 
.01% Error 
.04% Error 


1200 
6 + 30 Cycles 
10 + 13 Cycles 
12 + 27 Cycles 
19 + 4 Cycles 


.1% Error 
.1% Error 
.06% Error 
.12% Error 


1800 
4 + 20 Cycles 
6 + 30 Cycles 
9 + 7 Cycles 
12 + 24 Cycles 
.1% Error 
.1% Error 
.17% Error 
.12% Error 


2400 
3 + 15 Cycles 
5 + 6 Cycles 
6 + 24 Cycles 
9 + 18 Cycles 


.1% Error 
.4% Error 
.29% Error 
.12% Error 


4800 
1 + 23 Cycles 
2 + 19 Cycles 
3 + 14 Cycles 
4 + 25 Cycles 
1.0% Error 
.4% Error 
.74% Error 
.12% Error 


The output 
of the oscillator 
is divided 
by 3 in the State 
Counter to create a clock which defines the state times of 
the machine 
(CLK). 
CLK can be made available 
on the 
external 
pin TO by executing 
an ENTO CLK instruction. 


The output 
of CLK 
on TO is disabled 
by Reset of the 
processor. 


CLK is then divided by 5 in the Cycle Counter to provide 
a clock 
which 
defines 
a machine 
cycle 
consisting 
of 5 
machine 
states as shown 
in Figure 
12-10. 
Figure 
12-11 
shows the different 
internal operations 
as divided into the 
machine states. This clock is called Address Latch Enable 
(ALE) because 
of its function 
in MCS-48 
systems 
with 
external memory. 
It is provided 
continuously 
on the ALE 


output pin. 


The reset input provides 
a means for initialization 
for the 
processor. 
This Schmitt-trigger 
input has an internal pull- 
up device which in combination 
with an external 
1 IJ. fd 


capacitor 
provides 
an internal 
reset 
pulse 
of sufficient 


length to guarantee 
all circuitry is reset, as shown in Figure 
12-12. If the reset pulse is generated externally 
the RESET 
pin must be held low for at least 10 milliseconds 
after the 


power supply is within tolerance. Only 5 machine 
cycles 


(6.8 
IJ.S @ 11 MHz) are required 
if power 
is already on 


and the oscillator 
has stabilized. 
ALE and PSEN (if EA 


= 1) are active while in Reset. 


5) Sets BUS to high impedance 
state (except 
when 


EA = 5V). 


-;-3 
STATE 
COUNTER 


I:::'S~~ 
DECODE 


INC. PC 


STATE TIME: 


S2 I 
S3 I 
S4 I 
S5 
I 
S1 I 
S2 I 
S3 I 
S4 


(02)**Tll 


half of Port 2. The user can therefore 
follow the program 
through 
each of the instruction 
steps. 
A timing diagram, 
showing 
the interaction 
between 
output 
ALE and input 
SS, is shown. 
The BUS buffer 
contents 
are lost during 
single step; however, 
a latch may be added to reestablish 
the lost 110 capability 
if needed. Data is valid at the leading 
edge of ALE. 


This feature, 
as pictured 
in Figure 
12-13, 
provides 
the 
user with a debug capability 
in that the processor 
can be 
stepped 
through 
the program 
one instruction 
at a time. 
While stopped, 
the address 
of the next instruction 
to be 
fetched 
is available 
concurrently 
on BUS and the lower 
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INS A, BUS 
FETCH 
INCREMENT 
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INCREMENT 
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INCREMENT 
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INCREMENT 
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COUNTER 
TIMER 
TO PORT 


ANL BUS, = DATA 
FETCH 
INCREMENT 
- 


"INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
"OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


ORL BUS, = DATA 
FETCH 
INCREMENT 
- 
"INCREMENT 
READ PORT 
FETCH 
- 
INCREMENT 
"OUTPUT 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
TIMER 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 
TO PORT 


MOVX@R,A 
FETCH 
INCREMENT 
OUTPUT 
RAM 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
ADDRESS 
TIMER 
DATA TO RAM 


MOVXA,@R 
FETCH 
INCREMENT 
OUTPUT 
RAM 
INCREMENT 
- 
- 
READ 
- 
" - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
ADDRESS 
TIMER 
DATA 


MOVD A,PI 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
- 
READ P2 
-- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 


...,. 
LOWER 


MOVDPI,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
DATA 
- 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
TO P2LOWER 


ANLD P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA 
-;- 


ORLD P,A 
FETCH 
INCREMENT 
OUTPUT 
INCREMENT 
OUTPUT 
- 
- 
- 
" - 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
OPCODE/ADDRESS 
TIMER 
DATA 


J(CONDITIONAL) 
FETCH 
INCREMENT 
SAMPLE 
"INCREMENT 
- 
FETCH 
- 
UPDATE 
" 
- 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
CONDITION 
SAMPLE 
IMMEDIATE 
DATA 
PROGRAM 
COUNTER 


STRT T 
FETCH 
INCREMENT 
" 
START 
STRTCNT 
INSTRUCTION 
PROGRAM 
COUNTER 
- 
- 
COUNTER 


STOP TCNT 
FETCH 
INCREMENT 
- 
" 
- 
STOP 
INSTRUCTION 
PROGRAM 
COUNTER 
COUNTER 


ENI 
FETCH 
INCREMENT 
- 


" 
ENABLE 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
INTERRUPT 
'VALID 
INSTRUCTION 
ADDRESSES 
ARE OUTPUT 


FETCH 
INCREMENT 
" 
DISABLE 
AT THIS 
TIME 
IF EXTERNAL 
PROGRAM 
MEMORY 
IS 
0151 
- 
- 
BEING 
ACCESSED, 
INSTRUCTION 
PROGRAM 
COUNTER 
INTERRUPT 
(1) IN LATER MCS·48 DEVICES T1 IS SAMPLED 
IN S4. 


ENTOCLK 
FETCH 
INCREMENT 
" 
ENABLE 
- 
INSTRUCTION 
PROGRAM 
COUNTER 
CLOCK 


.LL 
1K 
[ 


I) The processor 
is requested 
to stop by applying 
a low 
level on SS. 


2) The processor 
responds by stopping during the address 
fetch portIon of the next instruction. 
If a double cycle 
instruction 
is in progress 
when the single step com- 
mand is received, 
both cycles will be completed 
before 
stopping. 


3) The processor 
acknowledges 
it has entered the stopped 
state by raising ALE high. In this state (which can be 
maintained 
indefinitely) 
the address of the next instruc- 
tion to be fetched 
is present 
on BUS and the lower 
half of port 2. 


4) SS is then raised high to bring the processor 
out of the 
stopped mode allowing 
it to fetch the next instruction. 
The exit from stop is indicated by the processor 
bring- 
ing ALE low. 


5) To stop the processor 
at the next tnstruction 
SS must 
be brought 
low again soon after ALE goes low. If SS 
is left high the processor 
remains 
in a "Run" 
mode. 


A diagram 
for implementing 
the single-step 
function 
of 
the 8748H is shown in Figure 12-13. D-type flip-flop with 
preset and clear is used to generate 
SS. In the run mode 
SS is held high by keeping 
the flip-flop preset (preset has 
precedence 
over the clear input). 
To enter 
single 
step, 
preset is removed 
allowing 
ALE to bring SS low via the 


clear input. ALE should be buffered 
since the clear input 
of an SN7474 
is the equivalent 
of 3 TTL 
loads. 
The 
processor 
is now in the stopped state. The next instruction 
is initiated by cloc~ 
a "I" 
into the flip-flop. This" 
I" 


will not appear on SS unless ALE is high removing 
clear 
from the flip-flop. 
In response 
to SS going high the pro- 
cessor be~s 
an instruction 
fetch which brings ALE low 
resetting 
SS through the clear input and causing 
the pro- 
cessor to again enter the stopped 
state. 


12.1.14 
Power Down Mode 
(8048AH, 
8049AH, 
8050AH, 
8039AHL, 
8035AHL, 
8040AHL) 


Extra circuitry 
has been added to the 8048AHl8049AHI 


8050AH ROM version to allow power to be removed from 
all but the data RAM array for low power standby 
oper- 
ation. In the power down mode the contents of data RAM 
can be maintained 
while drawing 
typically 
10% to 15% 


of normal operating 
power requirements. 


vcc serves as the 5V supply pin for the bulk of circuitry 
while the VDD pin supplies only the RAM array. In normal 
operation 
both pins are a 5V while in standby, 
Vcc is at 
ground 
and VDD is maintained 
at its standby 
value. 
Ap- 
plying 
Reset 
to the processor 
through 
the RESET 
pin 
inhibits 
any access 
to the RAM 
by the processor 
and 
guarantees 
that RAM cannot 
be inadvertently 
altered 
as 
power is removed 
from Vcc. 


A typical power down sequence 
(Figure 
12-14) occurs as 
follows: 


I) Imminent 
power supply failure is detected 
by user de- 
fined circuitry. 
Signal must be early enough 
to allow 
8048AH 
to save all necessary 
data before 
Vcc falls 
below normal 
operating 
limits. 


2) Power 
fail signal 
is used 
to interrupt 
processor 
and 
vector it to a power fail service routine. 


3) Power fail routine saves all important data and machine 
status 
in the internal 
data RAM 
array. 
Routine 
may 
also initiate transfer 
of backup 
supply to the V DD pin 
and indicate to external circuitry that power fail routine 
is complete. 


4) Reset is applied 
to guarantee 
data will not be altered 
as the power supply falls out of limits. 
Reset must be 
held low until Vcc is at ground 
level. 


Recovery 
from the Power 
Down mode can occur as any 


other power-on 
sequence 
with an external 
~apacitor 
on 
the Reset 
input providing 
the necessary 
delay. 
See the 
previous 
section on Reset. 


SINGLE 
10K 
~:N 


ALE 
~-------- 
n 


PC 0-7 ; 
; 
C 


I/O 
PC 8-11 
: 


I/O 
C 
f 


SINGLE STEP TIMING 


PROCESSOR 
: ""'~-- 


INTE~RUPTED 
1 
: 


POWER 
--, 
I 
1 
NORMAL 
SUPPLY 
, 
I 
1 
POWER ON 
FAIL SIGNAL 
1---1- 
-1- - - SEQUENCE 


I 
I 
FOLLOWS 
: 
LJ 
_ 


I 
DATA SAVE 
ROUTINE 
EXECUTED 


I 


ACCESS 
TO 
DATA RAM 
INHIBITED 


Normally 
the first lK (8048AH), 
2K (8049AH), 
or 4K 
(8050AH) 
words 
of program 
memory 
are automatically 


fetched from internal ROM or EPROM. 
The EA input pin 
however 
allows 
the user 
to effectively 
disable 
internal 
program 
memory 
by forcing all program 
memory 
fetches 
to reference 
external 
memory. 
The following 
chapter ex- 
plains 
how 
access 
to external 
program 
memory 
is 
accomplished. 


The External 
Access 
mode is very useful 
in system 
test 
and debug because it allows the user to disable his internal 
applications 
program 
and substitute 
an external 
program 
of his choice - 
a diagnostic 
routine 
for instance. 
In ad- 
dition, 
section 
12.4 explains 
how internal program 
mem- 
ory can be read externally, 
independent 
of the processor. 


A "I" 
level on EA initiates 
the external 
accesss 
mode. 


For proper operation, 
Reset should be applied 
while the 
EA input is changed. 


The 8048AH, 
8049AH, 
8050AH 
has incorporated 
a new 
SYNC 
mode. 
The 
Sync 
mode 
is provided 
to ease the 
design of multiple 
controller 
circuits 
by allowing 
the de- 
signer to force the device into known phase and state time. 
The SYNC mode may also be utilized 
by automatic 
test 
equipment 
(ATE) for quick, 
easy, 
and efficient 
synchro- 
nizing between the tester and the DUT (device under test). 


SYNC 
mode is enabled 
when 
SS' pin is raised 
to high 
voltage level of + 12 volts. To begin synchronization, 
TO 
is raised to 5 volts at least four clocks 
cycles after SS' . 
TO must be high for at least four X I clock cycles to fully 


reset the prescaler 
and time state generators. 
TO may then 
be brought 
down with the rising edge of Xl. 
Two clock 
cycles later, with the rising edge of X I, the device enters 
into Time State I, Phase 
I, SS' is then brought 
down to 
5 volts 4 clocks later after TO. RESET' 
is allowed 
to go 
high 5 tCY (75 clocks) later for normal execution 
of code. 
See Figure 
12-15. 


Along with the standard power down, the 80C438, 
8OC49, 


8OC50 has added an IDLE mode instruction 
(OIH) to give 
even further 
flexibility 
and power 
management. 
In the 
IDLE mode, the CPU is frozen while the oscillator, 
RAM, 
timer, and the interrupt 
circuitry 
remains 
fully active. 


When the IDL instruction 
(OIH) is decoded, 
the clock to 
the CPU is stopped. CPU status is preserved 
in its entirety: 
the 
Stack 
Pointer, 
Program 
Counter, 
Program 
Status 
Word, Accumulator, 
RAM, and all the registers 
maintain 
their data throughout 
idle. 


I) The ports remain in the logical state they were in when 
idle was executed. 


2) The bus remains 
in the logical 
state it was in when 
idle was executed 
if the bus was latched. 


If the bus was in a high Z condition 
or if external 
program 
memory 
is used the bus will remain 
in the 
float state. 


3) ALE remains 
in the inactive 
state (low). 


4) RD', WR', 
PROG', 
and PSEN' 
remains in the inactive 
state (high). 


5) TO outputs clock if enabled. 


There are three ways of exiting 
idle. Activating 
any en- 
abled interrupt 
(external 
or timer) will cause the CPU to 
vector 
to the appropriate 
interrupt 
routine. 
Following 
a 
RETR instruction, 
program 
execution 
will resume 
at the 
instruction 
following 
the address 
that contained 
the IDL 
instruction. 


The FO and Fl flags may be used to give an indication 
if 
the interrupt 
occurred 
during 
normal 
program 
execution 
or during idle. This is done by setting or clearing the flags 
before going into idle. The interrupt 
service 
routine 
can 
examine 
the flags and act accordingly 
when idle is ter- 


minated 
by an interrupt. 


Resetting 
the device 
can also terminate 
idle. 
Since the 
oscillator 
is already running, 
five machine 
cycles are all 
that is required 
to insure proper machine 
operation. 


TIME 
STATE 


12V 
I 
SS 5V---' 
OV 


5V 
TO OV-------- 
5V 


RESET 


SINGLE 
STEP 


EXTERNAL 
MEM 


TEST{ 


INTERRUPT 


The MCS-48 processors are packaged in 40 pin Dual In- 
Line Packages (DIP's). Table 12-3 is a summary of the 
functions of each pin. Figure 12-16 is the logic symbol 
for the 8048AH product family. Where it exists, the sec- 
ond paragraph describes each pin's function in an ex- 
panded MCS-48 system. Unless otherwise specified, each 
input is TTL compatible and each output will drive one 
standard TTL load. 


8048AH 
8049AH 
8OSOAH 
READ 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


Pin 
Designation 
Number* 
Function 


Vss 
20 
Circuit 
GND 
potential 


VDD 
26 
Programming 
power supply; 21 V during program for the 8748HJ8749H; 
+ 5V during 
operation 
for both 
ROM 
and EPROM. 
Low 
power 
standby 
pin in 8048AH 
and 
8049AHJ8050AH 
ROM versions. 


Vcc 
40 
Main 
power 
supply; 
+5V during 
operation 
and during 
8748H 
and 
8749H 
pro- 
gramming. 


PROG 
25 
Program 
pulse; + 18V input pin during 
8748H /8749H 
programming. 
Output 
strobe 


for 8243 I/O 
expander. 


P10-P17 
27-34 
8-bit quasi-bidirectional 
port. 
(Internal 
Pullup = 50KO) 


(Port 
I) 


P20-P27 
21-24 
8-bit quasi-bidirectional 
port. (Internal 
Pullup = 50KO) 


(Port 
2) 
35-38 
P20-P23 
contain 
the four high order program 
counter 
bits during 
an external 
pro- 
gram 
memory 
fetch and serve as a 4-bit I/O expander 
bus for 8243. 


DO-D7 
12-19 
True bidirectional 
port which can be written 
or read synchronously 
using the R D, 
(BUS) 
WR strobes. 
The port can also be statically 
latched. 


Contains 
the 810w order 
program 
counter 
bits during 
an external 
program 
mem- 
ory fetch, and receives the addressed 
instruction 
under the control 
of PSEN. 
Also 
contains 
the address 
and data 
during 
an external 
RAM 
data 
store 
instruction, 


under 
control 
of ALE, 
RD, and WR. 


TO 
I 
Input 
pin testable 
using the conditional 
transfer 
instructions 
JTO and JNTO. 
TO 
can be designated 
as a clock output 
using ENTO 
CLK instruction. 
TO is also used 
during 
programming 
and sync mode. 


TI 
39 
Input 
pin testable 
using the JTI, 
and JNTI 
instructions. 
Can be designated 
the 
event counter 
input 
using the STRT' CNT 
instruction. 
(See Section 
2.1.10) 


INT 
6 
Interrupt 
input. 
Initiates 
an interrupt 
if interrupt 
is enabled. 
Interrupt 
is disabled 
after a reset. (Active 
low) 


Interrupt 
must remain 
low for at least 3 machine 
cycles to ensure proper 
operation. 
-RD 
8 
Output 
strobe 
activated 
during 
a BUS read. Can be used to enable 
data 
onto the 
BUS from an external 
device. (Active 
low) 


Used as a Read Strobe 
to External 
Data 
Memory. 


RESET 
4 
Input which is used to initialize the processor. 
Also used during EPROM programming 
and verification. 
(Active 
low) (Internal 
pullup = 80K 11) 


WR 
10 
Output 
strobe 
during 
a BUS write. (Active 
low) Used as write strobe 
to external 
daia 
memory. 


ALE 
II 
Address 
Latch 
Enable. 
This signal occurs 
once during 
each cycle and is useful as 


a clock output. 


The negative edge of ALE strobes 
address 
into external 
data and program 
memory. 


Pin 
Designation 
Number- 
Function 


-- 
Program 
Store Enable. 
This output 
occurs only during 
a fetch to external 
program 
PSEN 
9 
memory ..(Active 
low) 


SS 
5 
Single step input can be used in conjunction 
with A LE to "single step" the processor 


through 
each instruction. 
(Active 
low) (Internal 
pullup = 300KO) 
+12Y for sync 


modes 
(See 2. 1.16) 


EA 
7 
External 
Access input 
which forces all program 
memory 
fetches 
to reference 
ex- 


ternal 
memory. 
Useful for emulation 
and debug, 
and essential 
for testing 
and pro- 


gram 
verification. 
(Active 
high) 
+12Y for 8048AH/8049AH/8050AH 
program 
verification 
and + 18Y for 8748H /8749H 
program 
verification 
(Internal 
pullup = 


IOMO on 8048AH/8049AH/8035AHL/8039AHL/8050AH/8040AHL) 


XTALI 
2 
One side of crystal 
input 
for internal 
oscillator. 
Also input 
for external 
source. 


XTAL2 
3 
Other 
side of crystal/external 
source 
input. 


12.3 
PROGRAMMING, 
VERIFYING 
AND 
ERASING 
EPROM 
8748H AND 8749H 
ERASURE 
CHARACTERISTICS 


The 
internal 
Program 
Memory 
of the 
8748H 
and the 
8749H may be erased 
and reprogrammed 
by the user as 
explained 
in the following 
sections. 
See also the 8748H 
and 8749H data sheets. 


The erasure 
characteristics 
of the 8748H 
and 8749H 
are 


such that erasure 
begins 
to occur when exposed 
to light 


with wavelengths 
shorter than approximately 
4000 Angs- 


troms 
(A). It should 
be noted 
that sunlight 
and certain 


types 
of 
fluorescent 
lamps 
have 
wavelengths 
in 
the 


30<J0-.4000A range. 
Data show that constant 
exposure 
to 


room 
level 
fluorescent 
lighting 
could 
erase 
the typical 


8748H and 8749H in approximately 
3 years while it would 


take approximately 
1 week to cause erasure when exposed 


to direct sunlight. 
If the 8748H or 8749H.is to be exposed 


to these types of lighting conditions 
for extended 
periods 


of time, opaque 
labels should be placed over the 8748H 


window 
to prevent 
unintentional 
erasure. 


In brief, 
the programming 
process 
consists 
of: activating 
the program 
mode, 
applying 
an address, 
latching the ad- 
dress, applying 
data, and applying 
a programming 
pulse. 


This programming 
algorithm 
applies 
to both the 8748H 
and 8749H. Each word is programmed 
completely 
before 
moving 
on to the next and is followed 
by a verification 
step. The following 
is a list of the pins used for program- 
ming and a descsription 
of their functions: 


Pin 
XTAL 
I 
Reset 
Test 0 


EA 
BUS 


P20-l 
P20-2 
VDD 
PROG 
PIO-PlI 


Function 
Clock Input (3 to 4 MHz) 
Initialization 
and Addres!\. Latching 
Selection 
of Program 
(OV) or Verify 
(5V) Mode 
Activation 
of ProgramlVerify 
Modes 
Address 
and Data Input Data Output 
During 
Verify 
Address 
Input for 8748H 
Address 
Input for 8749H 
Programming 
Power Supply 
Program 
Pulse Input 
Tied to ground 
(8749H only) 


When erased, bits of the 8748H and 8749H Program Mem- 
ory are in the logic "0" 
state. 


The recommended 
erasure 
procedure 
for the 8748H 
and 


8749H 
is exposure 
to shortwave 
ultraviolet 
light which 


has a wavelength 
of 2537 Angstroms 
(A). The integrated 


dose 
(Le., 
UV intensity 
X exposure 
time) 
for erasure 


should be a minimum 
of 15W-sec/cm2. 
The erasure 
time 


with this dosage is approximately 
15 to 20 minutes 
using 


an ultraviolet 
lamp with a 12000ILW/cm2 
power 
rating. 


The 8748H and 8749H should be placed within one inch 
from the lamp tubes during erasure. 
Some lamps have a 


filter in their tubes and this filter should be removed before 
erasure. 


18V 
/ 
EA 
5V 
~ 


lAW 


DBO-DB7 J-- 


+21------------ 
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CHAPTER 13 
EXPANDED MCS®-48 SYSTEM 


If the capabilities resident on the single-chip 8048AHI 
8748H18035AHU8049AHl8749H18039AHLare not suf- 
ficient for your system requirements, special on-board cir- 
cuitry allows the addition of a wide variety of external 
memory, I/O, or special peripherals you may require. The 
processors can be directly and simply expanded in the 
following areas: 


• Program Memory to 4K words 
• Data Memory 
to 320 words (384 words with 


8049AH) 


• I/O by unlimited amount 
• Special Functions using 8080/8085AH peripherals 


By using bank switching techniques, maximum capability. 
is essentially unlimited. Bank switching is discussed later 
in the chapter. Expansion is accomplished in two ways: 
I) Expander I/O - 
A special I/O Expander circuit, the 


8243, provides for the addition of four 4-bit Input! 
Output ports with the sacrifice of only the lower half 
(4-bits) of port 2 for inter-device communication. Mul- 
tiple 8243's may be added to this 4-bit bus by gen- 
erating the required "chip select" lines. 
2) Standard 8085· Bus - 
One port of the 8048AHI 


8049AH is like the 8-bit bidirectional data bus of the 
8085 microcomputer system allowing interface to the 
numerous standard memories and peripherals of the 
MCS~-80/85 microcomputer family. 


MCS-48 systems can be configured using either or both 
of these expansion features to optimize system capabilities 
to the application. 


Both expander devices and standard memories and pe- 
ripherals can be added in virtually any number and com- 
bination required. 


Program Memory is expanded beyond the resident IK or 
2K words by using the 8085 BUS feature of the MCS~- 
48. All program memory fetches from the addresses less 
than 1024 on the 8048AH and less than 2048 on the 
8049AH occur internally with no external signals being 
generated (except ALE which is always present). At ad- 
dress 1024 on the 8048AH, the processor automatically 
initiates external program memory fetches. 


As shown in Figure \3-1, for all instruction fetches from 
addresses of 1024 (2048) o~ greater, the following will 
occur: 


I) The contents of the 12-bit program counter will be 


output on BUS and the lower half of port 2. 


2) Address Latch Enable (ALE) will indicate the time at 
which address is valid. The trailing edge of ALE is 
used to latch the address externally. 
3) Program Store Enable (PSEN) indicates that an exter- 
nal instruction fetch is in progress and serves to enable 
the external memory device. 


4) BUS reverts to input (floating) mode and the processor 


accepts its 8-bit contents as an instruction word. 


FLOATING 


SUS ~FLOATINGO' 
FLOATING 


ADDRESS 
INSTRUCTION 


Figure 13·1. Instruction 
Fetch from 
External 
Program 
Memory 


All instructionfetches, including internal addresses, can be 
forcedto beexternalby activatingtheEA pinof the 8048AH1 
8049AH18050AH.The 8035AHU8039AHU8040AHLpro- 
cessors without program memory always operate in the ex- 
ternal program memory mode (EA = 5V). 


13.1.2 
Extended 
Program 
Memory 
Addressing 
(Beyond 
2K) 


For programs of 2K words or less, the 8048AHl8049AH 
addresses program memory in the conventional manner. 
Addresses beyond 2047 can be reached by executing a 
program memory bank switch instruction (SEL MBO,SEL 
MBI) followed by a branch instruction (IMP or CALL). 
The bank switch feature extends the range of branch in- 
structions beyond their normal 2K range and at the same 
time prevents the user from inadvertently crossing the 2K 
boundary. 


The switching of 2K program memory banks is accom- 
plished by directly setting or resetting the most significant 
bit of the program counter (bit II); see Figure \3-2. Bit 
11 is not altered by normal incrementing of the program 
counter but is loaded with the contents of a special flip- 
flop each time a IMP or CALL instruction is executed. 
This special flip-flop is set by executing an SEL MBI 


instruction and reset by SEL MBO. Therefore, the SEL 
MB instruction may be executed at any time prior to the 
actual bank switch which occurs during the next branch 
instruction encountered. Since all twelve bits of the pro- 
gram counter, including bit II, are stored in the stack, 
when a Call is executed, the user mayjump to subroutines 
across the ZK boundary and the proper bank will be re- 
stored upon return. However, the bank switch flip-flop 
will not be altered on return. 


C 


i 
Conventional 
Program 
Counter 
• 
Counts 
OOOH to 7FFH 
• 
Overflows 
7FFH 
to OOOH 


JMP 
or CALL 
instructions 
transler 
contents 
01 internaillipflop 
to All 


• 
Flipflop 
set by SEL MBl 
• 
Flipflop 
reset 
by SEL MBO 
or by RESET 


During 
Interrupt 
service 
routine 
All 
is lorced 
to "0" 
All 12 bits are saved 
in stack 


Interrupts always vector the program counter to location 
3 or 7 in the first ZK bank, and bit II of the program 


counter is held at "0" during the interrupt service routine. 
The end of the service routine is signalled by the execution 
of an RETR instruction. Interrupt service routines should 
therefore be contained entirely in the lower ZK words of 
program memory. The execution of a SEL MBOor SEL 
MBI instruction within an interrupt routine is not rec- 
ommended since it will not alter PCII while in the routine, 
but will change the internal flip-flop. 


Although the lower half of Port Z is used to output the 
four most significant bits of address during an external 
program memory fetch, the I/O information is still out- 
puted during certain portions of each machine cycle. I/O 
information is always present on Port Z's lower 4 bits at 
the rising edge of ALE and can be sampled or latched at 
this time. 


Shown in Figure 13-3 is the addition of ZK words of 
program memory using an Z716A ZK x 8 ROM to give 
a total of 3K words of program memQ!L...!!!.this case no 
chip select decoding is required and PSEN enables the 
memory directly through the chip select input. If the sys- 
tem requires only ZK of program memory, the same con- 
figuration can be used with an 8035AHL substituted for 
the 8048AH. The 8049AH would provide 4K of program 
memory with the same configuration. 
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Figure 13-4shows how the 8755/8355 EPROM/ROM with 
I/O interfaces directly to the 8048AH without the need 
for an address latch. The 8755/8355 contains an internal 
8-bit address latch eliminating the need for an 8212 latch. 
In addition to a 2K x 8 program memory, the 8755/8355 
also contains 16 I/O lines addressable as two 8-bit ports. 
These ports are addressed as external RAM; therefore the 
RD and WR outputs of the 8048AH are required. See the 
following section on data memory expansion for more 
detail. The subsequent section on I/O expansion explains 
the operation of the 16 I/O lines. 


ALE 


PSEN 


WR 


Data Memory is expanded beyond the resident 64 words 
by using the 8085AH type bus feature of the MCS~-48. 


All address and data is transferred over the 8 lines of 
BUS. As shown in Figure 13-5, a read or write cycle 
occurs as follows: 


ALE J 


FLOATINGXADDRESS~ 
F_LO_A_T_IN_G 
_ 


FLOATING 


ALE J 


1) The contents of register ROor Rl is outputed on BUS. 
2) Address Latch Enable (ALE) indicates addresss is 
valid. The trailing edge of ALE is used to latch the 
address externally. 


3) A read (RD) or write (WR) pulse on the corresponding 
output pins of the 8048AH indicates the type of data 
memory access ~ogress. 
Output data is valid at the 
trailing edge of WR and input data must be valid at 
the trailing edge of RD. 


4) Dat (8 bits) is transferred in or out over BUS. 


13.2.2 Addressing 
External Data Memory 


External Data Memory is accessed with its own two-cycle 
move instructions. MOVXA. @R and MOVX@R, A. 
which transfer 8 bits of data between the accumulator and 
the external memory location addressed by the contents 
of one of the RAM Pointer Registers RO and Rl. This 
allows 256 locations to be addressed in addition to the 
resident locations. Additional pages may be added by 
"bank switching" with extra output lines of the 8048AH. 


13.2.3 Examples of Data Memory Expansion 


Figure 13-6 shows how the 8048AH can be expanded 
using the 8155 memory and 110 expanding device. Since 
the 8155 has an internal8-bit address latch, it can interface 
directly to the 8048AH without the use of an external 
latch. The 8155 provides an additional 256 words of static 
data memory and also includes 22 110 lines and a 14-bit 
timer. See the following section on I/O expansion and the 
8155 data sheet for more details on these additional 
features. 


There are four possible modes of 110 expansion with the 
8048AH: one using a special low-cost expander, the 8243; 
another using standard MCS-80/85 110 devices; and a third 
using the combination memory 110 expander devices the 
8155,8355, and 8755. It is also possible to expand using 
standard TTL devices as shown in Chapter 5. 


The most efficient means of 110 expansion for small sys- 
tems is the 8243 110 Expander Device which requires only 
4 port lines (lower half of Port 2) for communication with 
the 8048AH. The 8243 contains four 4-bit 110 ports which 
serve as an extension of the on-chip 110 and are addressed 
as ports #4-7 (see Figure 13-7). The following operations 
may be performed on these ports: 


• Transfer Accumulator to Port 
• Transfer Port to Accumulator 
• AND Accumulator to Port 
• OR Accumulator to Port 


A 4-bit transfer from a port to the lower half of the Ac- 
cumulator sets the most significant four bits to zero. All 
communication between the 8048AH and the 8243 occurs 
over Port 2 lower (P2Q-P23) with timing provided by an 
output pulse on the PROG pin of the processor.Each trans- 
fer consists of two 4-bit nibbles: The first containing the 
"op code" and port address, and the second containing 
the actual 4 bits of data. 
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A high to low transition 
of the PROG line indicates 
that 


address is present, 
while allow to high transition 
indicates 


the presence 
of data. Additional 
8243's 
may be added to 


the four-bit bus and chip selected using additional 
output 


lines from the 8048AHJ8748H. 


Each of the four 4-bit ports of the 8243 can serve as either 
input or output 
and can provide 
high drive capability 
in 


both the high and low state. 


13.3.2 
I/O Expansion 
with Standard 


Peripherals 
Standard 
MCS-80/85 
type 110 devices 
may be added to 
the MCS~-48 
using the same bus and timing used for Data 


Memory expansion. 
Figure 13-8 shows an example of how 
an 8048AH 
can be connected 
to an MCS-85 
peripheral. 


110 devices 
reside 
on the Data Memory 
bus and in the 
data memory address space and are accessed with the same 
MOVX 
instructions. 
(See the previous 
section 
on data 
memory 
expansion 
for a description 
of timing.) 
The fol- 
lowing are a few of the Standard 
MCS-80'devices 
which 
are very useful in MCS~-48 
systems: 


• 
8214 Priority 
Interrupt 
Encoder 
• 
8251 Serial Communications 
Interface 
• 
8255 General 
Purpose 
Programmable 
110 


• 
8279 Keyboard/Display 
Interface 
• 
8253 Interval Timer 


13.3.3 
Combination 
Memory 
and 
I/O Expanders 


As mentioned 
in the sections on program and data memory 
expansion, 
the 8355/8755 
and 8155 expanders 
also contain 
110 capability. 


8355/8755: 
These two parts of ROM and EPROM 
equiv- 
alents and therefore 
contain 
the same 110 structure. 
110 
consists 
of two 8-bit ports which normally 
reside in the 
external data memory address space and are accessed with 
MOVX 
instructions. 
Associated 
with each port is an 8- 
bit Data Direction 
Register 
which defines each bit in the 
port as either 
an input or an output. 
The data direction 
registers 
are directly 
addressable, 
thereby 
allowing 
the 
user to define under software 
control 
each individual 
bit 
of the ports 
as either 
input 
or output. 
All outputs 
are 
statically 
latched 
and 
double 
buffered. 
Inputs 
are 
not 
latched. 


8155/8156: 
110 on the 8155/8156 
is configured 
as two 
8-bit programmable 
110 ports and one 6-bit programmable 


port. These 
three registers 
and a Control/Status 
register 
are accessible 
as external 
data memory 
with the MOVX 
instructions. 
The contents 
of the control 
register 
deter- 
mines the mode of the three ports. 
The ports can be pro- 
grammed 
as input or output 
with or without 
associated 
handshake 
communication 
lines. In the handshake 
mode, 
lines of the six-bit port become 
input and output strobes 
for the two 8-bit ports. 
Also included 
in the 8155 is a 
14-bit programmable 
timer. 
The clock input to the timer 
and the timer overflow 
output 
are available 
on external 
pins. The timer can be programmed 
to stop on terminal 
count or to continuously 
reload 
itself. 
A square wave or 
pulse output on terminal 
count can also be specified. 


Figure 
13-9 shows 
the expansion 
of 110 using 
multiple 


8243's. 
The only difference 
from a single 8243 system is 


the addition of chip selects provided by additional 
8048AH 


output 
lines. Two output 
liens and a decoder 
could also 


be used to address the four chips. Large numbers of 8243's 
would require a chip select decoder chip such as the 8205 
to save 110 pins. 


Figure 
13-10 shows the 8048AH 
interface 
to a standard 
MCS<II-80peripheral; 
in this case, the 8255 Programmable 
Peripheral 
Interface, 
a 40-pin 
part which provides 
three 


8-bit programmable 
110 ports. 
The 8255 bus interface 
is 


typical 
of programmable 
MCS<II-80 peripherals 
with an 
8-bit bidirectional 
data bus, a RD and WR input for Read! 


Write control, 
a CS (chip select) input used to enable the 


ReadlWrite 
control 
logic and the address 
inputs used to 


select various 
internal registers. 
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Interconnection 
to the 8048AH 
is very 
straightforward 


with BUS, 
RD, and WR connecting 
directly 
to the cor- 


responding 
pins on the 8255. 
The only design consider- 


ation is the way in which the internal registers of the 8255 
are to be addressed. 
If the registers 
are to be addressed 


as external 
data memory 
using the MOVX 
instructions, 
the appropriate 
number 
of address 
bits (in this case, 
2) 
must be latched 
on BUS using ALE as described 
in the 


section on external data memories. 
If only a single device 


is connected 
to BUS, 
the 8255 may be continuously 
se- 


lected by grounding 
CS. If multiple 
8255's 
are used, ad- 


ditional 
address 
bits 
can 
be latched 
and used 
as chip 


selects. 


A second addressing 
method 
eliminates 
external 
latches 


and chip select decoders 
by using output 
port lines as ad- 


dress 
and 
chip 
select 
lines directly. 
This 
method, 
of 


course, requires the setting of an output 
port with address 
information 
prior 
to executing 
a MOVX 
instruction. 


Figure 13-11 shows the addition of two memory expanders 
to the 8048AH, 
one 8355/8755 
ROM and one 8156 RAM. 


The main consideration 
in designing 
such a system is the 


addressing 
of the various 
memories 
and 1/0 ports. 
Note 
that in this configuration 
address 
lines AIO and All have 
been 0 Red to chip select the 8355. This ensures that the 
chip is active for all external program 
memory 
fetches in 
the IK to 3K range and is disabled 
for all other addresses. 


This gating has been added 
to allow the 110 port of the 


8355 to be used. If the chip was left selected all the time, 
there would be conflict between 
these ports and the RAM 
and 110 of the 8156. The NOR gate could be eliminated 
and All connected 
directly to the CE (instead of CE) input 
of the 8355; however, 
this would create a IK word "hole" 


in the program 
memory 
by causing 
the 8355 to be active 


in the 2K and 4K range instead 
of the normal 
IK to 3K 
range. 


In this 
system 
the 
various 
location. 
are 
addressed 
as 


follows: 


• 
Data RAM - 
Addresses 
0 to 255 when Port 2 Bit 
o has been previously 
set = I and Bit I set = 0 


• 
RAM 110 - 
Addresses 
0 to 3 when Port 2 Bit 0 = 
I and Bit I = I 


• 
ROM 110 - 
Addresses 
0 to 3 when Port 2 Bit 2 or 
Bit 3 = I 


See the memory 
map in Figure 
13-12. 
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Certain 
systems 
may require 
more than the 4K words of 
program 
memory 
which 
are directly 
addressable 
by the 
program 
counter 
or more than the 256 data memory 
and 
110 locations 
directly 
addressable 
by the pointer registers 
RO and RI. 
These systems 
can be achieved 
using' 
'bank 
switching" 
techniques. 
Bank switching 
is merely the se- 
lection 
of various 
blocks 
of "banks" 
of memory 
using 
dedicated 
output port lines from the processor. 
In the case 
of the 8048AH, 
program 
memory 
is selected in blocks of 
4K words at a time, while data memory 
and 110 are en- 
abled 256 words at a time. 


The most important 
consideration 
in implementing 
two or 
more banks 
is the software 
required 
to cross 
the bank 
boundaries. 
Each crossing 
of the boundary 
requires 
that 
the processor 
first write a control 
bit to an output 
port 
before accessing 
memory 
or 110 in the new bank. If pro- 
gram memory 
is being switched, 
programs 
should be or- 
ganized 
to keep boundary 
crossings 
to a minimum. 


Jumping 
to subroutines 
across 
the boundary 
should 
be 


avoided 
when possible 
since the programmer 
must keep 


track of which bank to return 
to after completion 
of the 


subroutine. 
If these subroutines 
are to be nested 
and ac- 


cessed from either bank, 
a software 
"stack" 
should 
be 


implemented 
to ~ave the bank switch bit just as if it were 


another bit of the program 
counter. 


From 
a hardware 
standpoint 
bank 
switching 
is 
very 


straightforward 
and involves 
only the connection 
of an 


110 line or lines as bank enable signals. 
These enables are 


ANDed 
with normal 
memory 
and 110 chip select signals 


to activate the proper bank. 


Table 
13 summarizes 
the instructions 
which activate 
the 


various control outputs of the MCS$-48 
processors. 
Dur- 


ing all other instructions 
these outputs 
are driven 
to the 
active state. 


BFFH 
I 
1III 


8355 
: 
(2K) 
: 
I 
1I 
1 
EXTERNAL 
DATA 
I 
MEMORY 
SPACE 


MBO f-----~ 
400H I 
I ~~5 


-------- 
300H I 
I 8155 
RESIDENT 
I 
I 
10 
--"(lKj-- 
200H I 
8155 (256) I 
------- 
100H ~----i 


'----- 
...••OOOH 1--------1 


Control 
Signal 
When Active 


RD 
During MOYX, A, @R or INS Bus 


WR 
During MOYX @R, A or OUTL Bus 


ALE 
Every Machine Cycle 


PSEN 
During Fetch of external program mem- 
ory (instruction or immediate data) 


PROG 
During MOYD, A,P ANLD P,A MOYD 
P,A ORLDP,A 


13.7 PORT CHARACTERISTICS 


13.7 BUS Port Operations 


The BUS port can operate in three different modes: as a 
latched 110port, as a bidirectional bus port, or as a pro- 
gram memory address output when external memory is 
us;:d. The BUS port lines are either active high, active 
low, or high impedance (floating). 


The latched mode (INS, OUTL) is intended for use in the 
single-chip configuration where BUS is not begin used as 
an expander port. OUTL and MOYX instructions can be 
mixed if necessary. However, a previously latched output 
will be destroyed by executing a MOYX instruction and 
BUS will be left in the high impedance state. INS does 
not put the BUS in a high impedance state. Therefore, 
the use of MOYX after OUTL to put the BUS in a high 
impedance state is necessary before an INS instruction 
intended to read an external word (as opposed to the pre- 
viously latched value). 


OUTL should never be used in a system with external 
program memory, since latching BUS can cause the next 
instruction, if external, to be fetched improperly. 


The lower half of Port 2 can be used in three different 
ways: as a quasi-bidirectional static port, as an 8243 ex- 
pander port, and to adddress external program memory. 
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In all cases outputs are driven low by an active device 
and driven high momentarily by a low impedance device 
and held high by a high impedance device to VCC. 


viously latched will be automatically removed temporarily 
while address is present, then retored when the fetch is 
complete. However, if lower Port 2 is used to commu- 
nicate with an 8243, previously latched 110 information 
will be removed and not restored. After an input from the 
8243, P20-3 will be left in the input mode (floating). After 
an output to the 8243, P20-3 will contain the value written, 
ANDed, or ORed to the 8243 port. 


The port may contain latched I/O data prior to its use in 
another mode without affecting operation of either. If 
lower Port 2 (P20-3) is used to output address for an 
external program memory fetch, the I/O information pre- 
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CHAPTER 14 
MCS®·48 INSTRUCTION 
SET 


The MCSiIl-48 instruction 
set is extensive 
for a machine 


of its size and has been tailored to be straightforward 
and 


very efficient 
in its use of program 
memory. 
All instruc- 


tions are either one or two bytes in length and over 80% 
are only one byte long. Also, 
all instructions 
execute 
in 


either one or two cycles and over 50% of all instructions 
execute 
in a single 
cycle. 
Double 
cycle instructions 
in- 


clude all immediate 
instructions, 
and all I/O instructions. 


The MCS-48 
microcomputers 
have been designed to han- 


dle arithmetic 
operations 
efficiently 
in both binary 
and 


BCD as well as handle the single-bit 
operations 
required 


in control applications. 
Special instructions 
have also been 


included to simplify loop counters, 
table look-up routines, 
and N-way branch routines. 


As can be seen in Figure 
14.1, 
the 8-bit accumulator 
is 
the central 
point for all data transfers 
within 
the 8048. 


Data can be transferred 
between 
the 8 registers 
of each 
working 
register 
bank and the accumulator 
directly, 
i.e., 


the source 
or destination 
register 
is specified 
by the in- 


struction. 
The remaining 
locations 
of the internal 
RAM 
array are referred 
to as Data Memory 
and are addressed 
indirectly 
via an address 
stored in either RO or R I of the 
active register bank. RO and RI are also used to indirecly 
address external data memory when it is present. Transfers 
to and from internal RAM require one cycle, while trans- 
fers to external 
RAM 
require 
two. 
Constants 
stored 
in 
Program 
Memory 
can be loaded directly 
to the accumu- 
lator and to the 8 working 
registers. 
Data can also be 
transferred 
directly 
between 
the accumulator 
and the on- 
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board timer counter 
or the accumulator 
and the Program 
Status word (PSW). 
Writing 
to the PSW alters machine 
status accordingly 
and provides a means of restoring status 
after 
an 
interrupt 
or 
of 
altering 
the 
stack 
pointer 
if 
necessary. 


Immediate 
data, 
data memory, 
or the working 
registers 
can be added 
with or without 
carry to the accumulator. 
These 
sources 
can also be ANDed, 
ORed, 
or Exclusive 
ORed to the accumulator. 
Data may be moved to or from 
the accumulator 
and working 
registers 
or data memory. 
The 
two 
values 
can 
also 
be 
exchanged 
in 
a single 
operation. 


In addition, 
the lower 4 bits of the accumulator 
can be 
exchanged 
with the lower 
4-bits 
of any of the internal 
RAM locations. 
This instruction, 
along with an instruction 
which swaps the upper and lower 4-bit halves of the ac- 
cumulator, 
provides 
for easy handling 
of 4-bit quantities, 
including 
BCD numbers. 
To facilitate 
BCD arithmetic, 
a 
Decimal 
Adjust 
instruction 
is included. 
This instruction 
is used to correct the result of the binary addition 
of two 
2-digit BCD numbers. 
Performing 
a decimal adjust on the 
result 
in the 
accumulator 
produces 
the 
required 
BCD 
result. 


Finally, 
the 
accumulator 
can 
be 
incremented, 
decre- 
mented, 
cleared, 
or complemented 
and can be rotated left 
or right I bit at a time with or without carry. 


Although 
thece is no subtract 
instruction 
in the 8048AH, 
this operation can be easily implemented 
with three single- 
byte single-cycle 
instructions. 


A value may be subtracted 
from the accumulator 
with the 
result in the accumulator 
by: 


• 
Complementing 
the accumulator 


• 
Adding 
the value to the accumulator 


• 
Complementing 
the accumulator 


The working registers can be accessed via the accumulator 
as explained 
above, 
or can be loaded 
immediate 
with 
constants 
from program memory. 
In addition, 
they can be 
incremented 
or decremented 
or used as loop counters using 
the decrement 
and jump, 
if not zero instruction, 
as ex- 
plained under branch instructions. 


All Data Memory 
including 
working 
registers 
can be ac- 
cessed with indirect 
instructions 
via RO and RI and can 
be incremented. 


There are four user-accessible 
flags in the 8048AH: Carry, 
Auxiliary 
Carry, 
FO and Fl. 
Carry indicates 
overflow 
of 
the accumulator, 
and Auxiliary 
Carry 
is used to indiate 
overflow between BCD digits and is used during decimal- 
adjust operation. 
Both Carry and Auxiliary 
Carry are ac- 
cessible as part of the program 
status word and are stored 
on the stack during subroutines. 
FO and FI are undedicated 
general-purpose 
flags to be used as the programmer 
de- 
sires. 
Both 
flags can be cleared 
or complemented 
and 
tested by conditional 
jump instructions. 
FO is also acces- 
sible via the Program 
Status 
word and is stored 
on the 
stack with the carry flags. 


The unconditional 
jump instruction 
is two bytes and allows 
jumps anywhere 
in the first 2K words of program memory. 
Jumps to the second 2K of memory (4K words are directly 
addressable) 
are made first by executing 
a select memory 
bank instruction, 
then executing 
the jump instruction. 
The 
2K boundary can only be crossed via a jump or subroutine 
call instruction, 
i.e., 
the bank switch does not occur until 
a jump is executed. 
Once a memory bank has been selected 
all subsequent 
jumps 
will be to the selected 
bank until 
another 
select 
memory 
bank instruction 
is executed. 
A 
subroutine 
in the opposite bank can be accessed by a select 
memory 
bank instruction 
followed 
by a call instruction. 


Upon completion 
of the subroutine, 
execution 
will auto- 
matically 
return to the original bank; however, 
unless the 
original bank is reselected, 
the next jump instruction 
en- 
countered 
will again 
transfer 
execution 
to the opposite 
bank. 


Conditional 
jumps 
can test the following 
inputs and ma- 
chine status: 


• 
TO Input Pin 


• 
Tl Input Pin 


• 
INT Input Pin 


• 
Accumulator 
Zero 


• 
Any bit of Accumulator 


• 
Carry Flag 


• 
FO Flag 


• 
FI Flag 


Conditional 
jumps 
allow a branch 
to any address 
within 
the current page (256 words) of execution. 
The conditions 
tested 
are the instantaneous 
values 
at the time the con- 
ditional jump is executed. 
For instance, 
the jump on ac- 
cumulator 
zero instruction 
tests the accumulator 
itself, not 
an intermediate 
zero flag. 


The decrement register and jump if not zero instruction 
combines a decrement and a branch instruction to create 
an instruction very useful in implementing a loop counter. 
This instruction can designate anyone of the 8 working 
registers as a counter and can effect a branch to any address 
within the current page of execution. 


A single-byte indirect jump instruction allows the program 
to be vectored to anyone 
of several different locations 
based on the contents of the accumulator. The contents 
of the accumulator points to a location in program memory 
which contains the jump address. The 8-bit jump address 
refers to the current page of execution. This instruction 
could be used, for instance, to vector to anyone of several 
routines based on an ASCII character which has been 
loaded in the accumulator. In this way ASCII key inputs 
can be used to initiate various routines. 


Subroutines are entered by executing a call instruction. 
Calls can be made like unconditional jumps to any address 
in a 2K word bank, and jumps across the 2K boundary 
are executed in the same manner. Two separate return 
instructions determine whether or not status (upper 4-bits 
of PSW) is restored upon return from the subroutine. 


The return and restore status instruction also signals the 
end of an interrupt service routine if one has been in 
progress. 


The 8-bit on board timer/counter can be loaded or read 
via the accumulator while the counter is stopped or while 
counting. The counter can be started as a timer with an 
internal clock source or an event counter or timer with an 
external clock applied to the Tl input pin. The instruction 
executed determines which clock source is used. A single 
instruction stops the counter whether it is operating with 
an internal or an external clock source. In addition, two 
instructions allow the timer interrupt to be enabled or 
disabled. 


Two instructions allow the external interrupt source to be 
enabled or disabled. Interrupts are initially disabled and 
are automatically disabled while an interrupt service rou- 
tines is in progress and re-enabled afterward. 


There are four memory bank select instructions, two to 
designate the active working register bank and two to 
control program memory banks. The operation of the pro- 
gram memory bank switch is explained in section 13.1.2. 


The working register bank switch instructions allow the 
programmer to immediately substitute a second 8-register 
working register bank for the one in use. This effectively 
provides 16 working registers or it can be used as a means 
of quickly saving the contents of the registers in response 
to an interrupt. The user has the option to switch or not 
to switch banks on interrupt. However, if the banks are 
switched, the original bank will be automatically restored 
upon execution of a return and restore status instruction 
at the end of the interrupt service routine. 


A special instruction enables an internal clock, which is 
the XTAL frequency divided by three to be output on pin 
TO. This clock can be used as a general-purpose clock in 
the user's system. This instruction should be used only to 
initialize the system since the clock output can be disabled 
only by application of system reset. 


Ports I and 2 are 8-bit static 110 ports which can be loaded 
to and from the accumulator. Outputs are statically latched 
but inputs are not latched and must be read while inputs 
are present. In addition, immediate data from program 
memory can be ANDed or ORed directly to Port I and 
Port 2 with the result remaining on the port. This allows 
"masks" stored in program memory to selectively set or 
reset individual bits of the 110 ports. Ports I and 2 are 
configured to allow input on a given pin by first writing 
a "I" 
out to the pin. 


An 8-bit port called BUS can also be accessed via the 
accumulator and can have statically latched outputs as 
well. It too can have immediate data ANDed or ORed 
directly to its outputs, however, unlike ports I and 2, all 
eight lines of BUS must be treated as either input or output 
at anyone time. In addition to being a static port, BUS 
can be used as a true synchronous bi-directional port using 
the Move External instructions used to access external 
data memory. When these instructions are executed, a 
corresponding READ or WRITE pulse is generated and 
data is valid only at that time. When data is not being 
transferred, BUS is in a high impedance state. Note that 
the OUTL, ANL, and the ORL instructions for the BUS 
are for use with internal program memory only. 


The basic three on-board 110 ports can be expanded via 
a 4-bit expander bus using half of port 2. 110 expander 
devices on this bus consist of four 4-bit ports which are 
addressed as ports 4 through 7. These ports have their 
own AND and OR instructions like the on-board ports as 
well as move instructions to transfer data 10 or out. The 
expander AND and OR instructions, however, combine 
the contents of accumulator with the selected port rather 
than immediate data as is done with the on-board ports. 


110 devices 
can also be added externally 
using the BUS 
port as the expansion 
bus. In this case the 110 ports become 
"memory 
mapped", 
i.e., 
they are addressed 
in the same 
way as external 
data memory 
and exist in the external 
data memory 
address 
space addressed 
by pointer register 
RO or Rl. 


The following 
pages describe the MCS~-48 
instruction 
set 
in detail. The instruction 
set is first summarized 
with in- 
structiolls 
grouped 
functionally. 
This 
summary 
page 
is 
followed 
by a detailed description 
listed alphabetically 
by 
mnemonic 
opcode. 


The 
alphabetical 
listing 
includes 
the 
following 
information. 


• 
Mnemonic 


• 
Machine 
Code 


• 
Verbal Description 


• 
Symbolic 
Description 


• 
Assembly 
Language 
Example 


The machine code is represented 
with the most significant 
bit (7) to the left and two byte instructions 
are represented 
with the first byte on the left. 
The 
assembly 
language 
examples 
are formulated 
as follows: 


Arbitrary 


Label: Mnemonic, 
Operand; 


Descriptive 
Comment 


Mnemonic 
Description 
Bytes 
Cycle 


Accumuletor 


ADD A, A 
Add register to A 
1 
1 


ADDA,@A 
Add data memory 
to A 
1 
1 


ADD A, # data 
Add immediate 
to A 
2 
2 


ADDCA, 
A 
Add register 
with carry 
1 
1 


ADDCA, 
Add data memory 
1 
1 


@A 
with carry 


ADDCA, 
Add immediate 
2 
2 


# data 
with carry 


ANLA, 
A 
And register to A 
1 
1 


ANLA,@A 
And data memory 
to A 
1 
1 


ANLA, 
# data 
And immediate 
to A 
2 
2 


OALA, 
A 
Or register to A 
1 
1 


OALA@A 
Or data memory 
to A 
1 
1 


OALA, 
# data 
Or immediate 
to A 
2 
2 


XAL A, A 
Exclusive 
Or register 
1 
1 
toA 


XALA,@A 
Exclusive 
or data 
1 
1 
memory 
to A 


XAL, A, # data 
Exclusive 
or 
2 
2 


immediate 
to A 


INCA 
Increment 
A 
1 
1 


DECA 
Decrement 
A 
1 
1 


CLAA 
Clear A 
1 
1 


CPLA 
Complement 
A 
1 
1 


DAA 
Decimal 
adjust A 
1 
1 


SWAP A 
Swap nibbles 
of A 
1 
1 


ALA 
Aotate A left 
1 
1 


ALCA 
Aotate A left 
1 
1 


through 
carry 
AAA 
Aotate A right 
1 
1 


AACA 
Aotate A right 
1 
1 
through 
carry 


Input/Output 


INA, 
P 
Input 
port to A 
1 
2 


OUTL 
P, A 
Output 
A to port 
1 
2 


ANL P, # data 
And immediate 
to port 
2 
2 


OAL P, # data 
Or immediate 
to port 
2 
2 


·INS A, BUS 
Input 
BUS to A 
1 
2 


·OUTL 
BUS, A 
Output 
A to BUS 
1 
2 


·ANL 
BUS, 
And immediate 
to BUS 
2 
2 


# data 
·OAL 
BUS, 
Or immediate 
to BUS 
2 
2 


# data 
MOVDA, 
P 
Input Expander 
port 
1 
2 
toA 


MOVD P,A 
Output 
A to Expander 
1 
2 
port 


ANLD 
P,A 
And A to Expander 
port 
1 
2 


OALD 
P,A 
Or A to Expander 
port 
1 
2 


Mnemonics 
copyright 
Intel Corporation 
1983. 
·For use with internal 
memory 
only. 


Mnemonic 
Description 
Bytes 
Cycles 


Registers 


INCA 
Increment 
register 
1 
1 


INC@A 
Increment 
data memory 
1 
1 


DECA 
Decrement 
register 
1 
1 


Brench 


JMP addr 
Jump 
unconditional 
2 
2 
JMPP@A 
.lump 
indirect 
1 
2 
DJNZ A, addr 
Decrement 
register 
2 
2 
and jump 
JC addr 
Jump 
on carry = 1 
2 
2 
JNC addr 
Jump 
on carry = 0 
2 
2 
JZ addr 
Jump 
on A Zero 
2 
2 
JNZ addr 
Jump 
on A not Zero 
2 
2 
JTOaddr 
Jump 
on TO = 1 
2 
2 
JNTO addr 
Jump 
on TO = 0 
2 
2 
JT1 addr 
Jump 
on T1 = 1 
2 
2 
JNT1 addr 
Jump 
on T1 = 0 
2 
2 
JFO addr 
Jump on FO = 1 
2 
2 
JF1 addr 
Jump on F1 = 1 
, 
2 
2 
JTF addr 
Jump on timer flag = 1 
2 
2 
JNI addr 
Jump 
on INT = 0 
2 
2 
JBb addr 
Jump 
on Accumulator 
2 
2 
Bit 


Subroutine 


CALL addr 
Jump to subroutine 
2 
2 
AET 
Aeturn 
1 
2 
AETA 
Aeturn 
and restore 
1 
2 
status 


Flegs 


CLAC 
Clear Carry 
1 
1 
CPLC 
Complement 
Carry 
1 
1 


CLA FO 
Clear Flag 0 
1 
1 
CPL FO 
Complement 
Flag 0 
1 
1 
CLA F1 
Clear Flag 1 
1 
1 
CPLF1 
Complement 
Flag 1 
1 
1 


De" 
Moves 


MOVA, 
A 
Move register to A 
1 
1 
MOVA,@A 
Move data memory 
1 
1 
toA 
MOVA, 
# data 
Move immediate 
to A 
2 
2 
MOVA,A 
Move A to register 
1 
1 
MOV@A,A 
Move A to data 
1 
1 
memory 
MOV A, # data 
Move immediate 
2 
2 
to register 
MOV@A, 
Move immediate 
to 
2 
2 
# data 
data memory 
MOVA, 
PSW 
Move PSWtoA 
1 
1 
MOVPSW,A 
MoveAto 
PSW 
1 
1 


8048AH/87 48H/8049AH/80SOAH/87 49H 
Instruction 
Set Summary 
(Con't) 


Mnemonic 
DelCriptlon 
Byte. 
Cycle 


De •• Move. 


(Confd) 


XCHA, 
R 
Exchange 
A and 
1 
1 
register 
XCHA,@R 
Exchange 
A and 
1 
1 
data memory 


XCHDA,@R 
Exchange 
nibble 
of A 
1 
1 
and register 
MOYXA,@R 
Move external 
data 
1 
2 
memory 
to A 
MOYX@R,A 
Move A to external 
1 
2 
data memory 
MOVPA,@A 
Move to A from 
1 
2 
current 
page 
MOVP3A,@A 
Move to A from 
Page 3 
1 
2 


TImer/Counter 
MOVA, 
T 
Read Timer/Counter 
1 
1 
MOVT,A 
Load Timer/Counter 
1 
1 
STRTT 
Start Timer 
1 
1 
STRTCNT 
Start Counter 
1 
1 
STOP TCNT 
Stop Timer/Counter 
1 
1 
EN TCNTI 
Enable 
Timer/Counter 
1 
1 
Interrupt 
DISTCNTI 
Disable 
Timer/Counter 
1 
1 
Interrupt 


Mnemonic 
DelCriptlon 
Byte. 
Cyc'e 


Control 
EN I 
Enable 
external 
1 
1 
Interrupt 
DISI 
Disable 
external 
1 
1 


Interrupt 
SEL RBO 
Select 
register 
bank 0 
1 
1 


SEL RB1 
Select 
register 
bank 
1 
1 
1 


SEL MBO 
Select 
memory 
bank 0 
1 
1 


SEL MB1 
Select 
memory 
bank 
1 
1 
1 


ENTOCLK 
Enable 
clock 
output 
1 
1 


on TO 


NOP 
No Operation 
1 
1 


A 
AC 
addr 
Bb 
BS 
BUS 
C 
ClK 
CNT 
CRR 
D 
data 
DBF 
FO,F1 
I 
P 
PC 
Pp 
PSW 
Ri 
Rr 
SP 
T 
TF 
TO, T1 
X 
# 
@ 
$ 
(X) 
((X) ) 


MCS®-48 
INSTRUCTION 
SET 
Symbols and Abbreviations 
Used 


Accumulator 
Auxiliary 
Carry 
12-Bit Program Memory Address 
Bit Designator 
(b = 0-7) 
Bank Switch 
BUS Port 
Carry 
Clock 
Event Counter 
Conversion 
Result Register 
Mnemonic for 4-Bit Digit (Nibble) 
8-Bit Number or Expression 
Memory Bank Flip-Flop 
Flag 0, Flag 1 
Interrupt 
Mnemonic for "in-page" 
Operation 
Program Counter 
Port Designator 
(p = 1,2 or 4-7) 
Program Status Word 
Data memory Pointer (i = 0, or 1) 
Register Designator 
(r = 0-7) 
Stack Pointer 
Timer 
Timer Flag 
Test 0, Test 1 
Mnemonic for External RAM 
Immediate Data Prefix 
Indirect Address Prefix 
Current Value of Program Counter 
Contents of X 
Contents of location 
Addressed by X 
Is Replaced by 


ADD A,Rr 
Add Register Contents to Accumulator 


Encoding: 
I 0 1 1 0 1 1 r r r I 
68H-6FH 


Description: 
The contents 
of register 'r' are added to the accumulator. 
Carry is 
affected. 


Operation: 
(A) - 
(A) + (Rr) 


Example: 
ADDREG: 
ADD A,R6 


r = 0-7 


;ADD REG 6 CONTENTS 
;TO ACC 


Encoding; I 0 1 1 0 I 0 0 0 i I 


Description: 
The contents of the resident data memory location addressed by register 'i' bits 
0-5** 
are added to the accumulator. Carry is affected. 


Operation: 
(A) - 
(A) + ((Ri» 
i = 0-1 


Example: 
ADDM: 
MOV RO,#01FH 
;MOVE '1F' HEX TO REG 0 
ADD A, @RO 
;ADD VALUE OF LOCATION 
;31 TO ACC 


ADD A,#data 
Add Immediate 
Data to Accumulator 


Encoding: I 0 0 0 0 I 0 0 1 1 I 
I d7 d6 d5 d4 I d3 d2 d1 dO I 
03H 


Description: 
This is a 2-cycle instruction. 
The specified 
data is added to the accumulator. 


Carry is affected. 


Operation: 
(A) - 
(A) + data 


Example: 
ADDID: 
ADD A,#ADDER: 
;ADD VALUE OF SYMBOL 
;ADDER' TO ACC 


ADDC 
A,Rr 
Add Carry and Register Contents to Accumulator 


Encoding: 
10 1 1 1 11 r r r I 
78H-7FH 


Description: 
The content 
of the carry bit is added to accumulator 
location 
0 and the carry 
bit cleared. The contents 
of register 'r' are then added to the accumulator. 


Carry is affected. 


Operation: 
(A) - 
(A) + (Rr) + (C) 


Example: 
ADDRGC: 
AD DC A,R4 


r = 0-7 


;ADD CARRY AND REG 4 
;CONTENTS 
TO ACC 


•• 0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


ADDC A,@Ri 
Add Carry and Data Memory Contents 
to Accumulator 


Encoding: 
10 1 1 1 100 
0 i I 
70H-71H 


Description: 
The content of the carry bit is added to accumulator location 0 and the carry bit 
cleared. Then the contents of the resident data memory location addressed by 
register 'i' bits 0-5** 
are added to the accumulator. Carry is affected. 


Operation: 
(A) - 
(A) + ((Ri» 
+ (C) 


Example: 
ADDMC: 
MOV R1,#40 
ADDCA,@R1 


i = 0-1 


;MOVE '40' DEC TO REG 1 
;ADD CARRY AND LOCATION 
40 


;CONTENTS 
TO ACC 


ADDC A,@data 
Add Carry and Immediate 
Data to Accumulator 


Encoding: 
10 0 0 1 I 0 0 1 1 I 
I d7 d6 d5 d4 I d3 d2 d1 dOI 
13H 


Description: 
This is a 2-cycle 
instruction. 
The content 
of the carry bit is added to 
accumulator 
location 
0 and the carry bit cleared. Then the specified 
data is 
added to the accumulator. 
Carry is affected. 


Operation: 
(A) - 
(A) + data + (C) 


Example: 
ADDC A,#225 
;ADD CARRY AND '225' DEC 
;TO ACC 


ANL A,Rr 
Logical AND Accumulator 
with Register Mask 


Encoding: 
10 1 0 1 11 r r r I 
S8H-SFH 


Description: 
Data in the accumulator 
is logically 
ANDed with the mask contained 
in 
working 
register 'r'. 


Operation: 
(A) - 
(A) AND (Rr) 


Example: 
ANDREG: 
ANL A,R3 


r = 0-7 


;'AND' ACC CONTENTS 
WITH MASK 
;IN REG 3 


ANL A,@Ri 
Logical 
AND Accumulator 
with memory Mask 


Encoding: 
10 1 0 1 I 0 0 0 i I 
SOH-51H 


Description: 
Data in the accumulator 
is logically 
ANDed with the mask contained 
in the 
data memory location 
referenced 
by register 'i' bits 0-5". 


Operation: 
(A) - 
(A) AND ((Ri» 


Example: 
ANDDM: 
MOV RO,#03FH 
ANLA,@RO 


'·0-5 
in 8048AH/8748H 
0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


i = 0-1 


;MOVE '3F' HEX TO REG 0 
;'AND' ACC CONTENTS 
WITH 
;MASK IN LOCATION 
63 


ANL A,#data 
Logical AND Accumulator 
with Immediate 
Mask 


Encoding: 
10 1 0 1 I 0 0 1 1 I 
Id7 dS ds d4 I d3 d2 d1 dOI 
S3H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is logically 
ANDed 
with an immediately-specified 
mask. 


Operation: 
(A) - 
(A) AND data 


Examples: 
ANDID: 
ANL A,#OAFH 
;'AND' ACC CONTENTS 
;WITH MASK 10101111 
;'AND' ACC CONTENTS 
;WITH VALUE OF EXP 
;'3 + XY/Y' 


Encoding: 
11 0 0 1 11 0 0 0 I 
Id7 dS dS d4 I d3 d2 d1 dOI 
98H 


Description: 
This is a 2-cycle instruction. 
Data on the BUS port is logically 
ANDed 
with an immediately-specified 
mask. This instruction 
assumes prior 
specification 
of an 'OUTL BUS, A' instruction. 


Operation: 
(BUS) - 
(BUS) AND data 


Example: 
ANDBUS: 
ANL BUS,#MASK 
;'AND' BUS CONTENTS 
;WITH MASK EQUAL VALUE 
;OF SYMBOL 'MASK' 


Encoding: 
11 001 
11 0 P pi 
Id7 dS dS d41 d3 d2 d1 dol 
99H-9AH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ANDed with an 
immediately-specified 
mask. 


Operation: 
(Pp) - 
(Pp) AND DATA 


Example: 
ANDP2: 
ANL P2,#OFOH 


p = 1-2 


;'AND' PORT 2 CONTENTS 
;WITH MASK 'FO' HEX 
;(CLEAR P20-23) 


ANLD 
Pp,A 
Logical AND Port 4-7 with Accumulator 
Mask 


Encoding: 
11 0 0 1 11 1 P P I 
9CH-9FH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ANDed with the 
digit mask contained 
in accumulator 
bits 0-3. 


Operation: 
(Pp) - 
(Pp) AND (AO-3) 
P = 4-7 
Note: 
The mapping 
of port 'p' to opcode 
bits 0-1 is as follows: 


1 0 
Port 


00 
4 
01 
5 
10 
6 
1 1 
7 


Example: 
ANDP4: 
ANLD P4,A 
;'AND' PORT 4 CONTENTS 
;WITH ACC BITS 0-3 


CALL address 
Subroutine 
Call 


Encoding: I a10 a9 as 1 I 0 1 0 0 I 
Ia7 a6 a5 a41 a3 a2 a1 aOI 


Page 
Hex Op Code 
o 
14 
1 
34 
2 
54 
3 
74 
4 
94 
5 
B4 
6 
04 
7 
F4 


Description: 
This is a 2-cycle 
instruction. 
The program 
counter 
and PSW bits 4-7 are 
saved in the stack. The stack pointer 
(PSW bits 0-2) is updated. 
Program 
control 
is then passed to the location 
specified 
by 'address'. 
PC bit 11 is 
determin~d 
by the most recent SEL M8 instruction. 


A CALL cannot 
begin in locations 
2046-2047 
or 4094-4095. 
Execution 
continues 
at the instruction 
following 
the CALL upon return from the 
subroutine. 


Operation: 
((SP» - 
(PC), (PSW4-7) 
(SP) - 
(SP) + 1 
(PCS-1Q) - 
(addrS_1Q) 
(PCO-7) - 
(addrO_7) 
(PC11) - 
DBF 


example: 
1'\00 Inree 
grvuJJ:S VI IVYU'IUlllut:r~. 
rUI 
:>UorOT<1I:>III IU"<1I1UII::>'"'v, ,",I <1I1U 


total 
in location 
52. 


ADD A,R2 
CALL 
SUBTOT 
ADDG.A 
R3 
ADDC 
A,R4 
CALL 
SUBTOT 
ADDC 
A,R5 
ADDC 
A,R6 
CALL 
SUBTOT 
SUBTOT: 
MOV @RO,A 


INC RO 
RET 


;MOVE '50' DEC TO ADDRESS 
;REGO 
;MOVE CONTENTS 
OF REG 1 
;TO ACC 
;ADD REG 2 TO ACC 
;CALL 
SUBROUTINE 
'SUBTOT' 
;ADD REG 3 TO ACC 
;ADD REG 4 TO ACC 
;CALL 
SUBROUTINE 
'SUBTOT' 
;ADD REG 5 TO ACC 
;ADD REG 6 TO ACC 
;CALL 
SUBROUTINE 
'SUBTOT' 
;MOVE CONTENTS 
OF ACC TO 


;LOCATION 
ADDRESSED 
BY 
;REGO 
;INCREMENT 
REG 0 


;RETURN 
TO MAIN 
PROGRAM 


Encoding: 


Description: 


Operation: 


10 0 1 0 I 0 1 1 1 I 
27H 


The contents 
of the accumulator 
are cleared 
to zero. 


A-O 


CLR C 
Clear Carry Bit 


Encoding: 
11 0 0 1 I 0 1 1 1 I 
97H 


Description: 
During 
normal 
program 
execution, 
the carry 
bit can be set to one by the 


ADD, AD DC, RLC, CPL C, RRC, and DAA insructions. 
This 
instruction 


resets the carry 
bit to zero. 


Operation: 
C - 
0 


Encoding: 
11 0 1 0 I 0 1 0 1 I 
ASH 


Description: 
Flag 1 is cleared 
to zero. 


Operation: 
(F1) - 
0 


Encoding: 
11 0 0 0 I 0 1 0 1 I 
85H 


Description: 
Flag 0 is cleared to zero. 


Operation: 
(FO) - 
0 


CPL A 
Complement 
Accumulator 


Encoding: I 0 0 1 1 I 0 1 1 1 I 
37H 


Description: 
The contents 
of the accumulator 
are complemented. 
This is strictly 
a one's 
complement. 
Each one is changed to zero and vice-versa. 


Operation: 
(A) - 
NOT (A) 


Example: 
Assume accumulator 
contains 
01101010. 
CPLA: 
CPL A 
;ACC CONTENTS 
ARE COMPLE- 
;MENTED TO 10010101 


CPL C 
Complement 
Carry Bit 


Encoding: 
11 0 1 0 I 0 1 1 1 I 
A7H 


Description: 
The setting of the carry bit is complemented; 
one is changed to zero, and 
zero is changed to one. 


Operation: 
(C) - 
NOT (C) 


Example: 
Set C to one; current setting is unknown. 
CT01: 
CLR C 
;C IS CLEARED TO ZERO 
CPL C 
;C IS SET TO ONE 


Encoding: 
11 0 0 1 I 0 1 0 11 
95H 


Description: 
The setting of flag 0 is complemented; 
one is changed to zero, and zero is 
changed to one. 


Operation: 
FO- 
NOT (FO) 


Encoding: 
11 0 1 1 10 1 0 1/ 
B5H 


Description: 
The setting of flag 1 is complemented; 
one is changed to zero, and zero is 
changed to one. 


Operation: 
(F1) - 
NOT (F1) 


DA A 
Decimal Adjust Accumulator 


Encoding: I 0 1 0 1 I 0 1 1 1 I 
57H 


Description: 
The 8-bit accumulator 
value is adjusted to form two 4-bit Binary Coded 
Decimal (BCD) digits following 
the binary addition 
of BCD numbers. 
The carry bit C is affected. 
If the contents 
of bits 0-3 are greater than nine, 


or if AC is one, the accumulator 
is incremented 
by six. 


The four high-order 
bits are then checked. 
If bits 4-7 exceed nine, or if 
C is one, these bits are increased by six. If an overflow 
occurs, C is set 
to one. 


Example: 
Assume accumulator 
contains 
10011011. 
DA A 
;ACC Adjusted 
to 00000001 
;WITH C SET 
C AC 7 
4 3 
0 
0010011011 
00000110 
o 
10100001 
o 1 1 0 
000 
0 0 0 0 0 
ADD SIX TO BITS 4-7 
OVERFLOW TO C 


Encoding: I 0 0 0 0 I 0 1 1 1 I 
07H 


Description: 
The contents 
of the accumulator 
are decremented 
by one. The carry flag 
is not affected. 


Operation: 
(A) - 
(A) -1 


Example: 
Decrement contents 
of external data memory location 63. 
MOV RO,#3FH 
;MOVE '3F HEX TO REG 0 
MOVX A, @RO 
;MOVE CONTENTS 
OF 
;LOCATION 
63 TO ACC 
;DECREMENT 
ACC 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
63 IN EXPANDED 
;MEMORY 


DECA 
MOVX@RO,A 


Encoding: 


Description: 


Operation: 


Example: 


(Rr) - 
(Rr) -1 


DECR1: DEC R1 


r = 0-7 


;DECREMENT 
CONTENTS 
OF REG 1 


Encoding: 
I 0 0 0 1 I 0 1 0 1 I 
15H 


Description: 
External interrupts 
are disabled. A low signal on the interrupt 
input pin has 
no effect. 


Encoding: 
10 0 1 1 I 0 1 0 1 I 
35H 


Description: 
Timer/counter 
interrupts 
are disabled. Any pending timer interrupt 
request 
is cleared. The interrupt 
sequence is not initiated 
by an overflow, 
but the 
timer flag is set and time accumulation 
continues. 


DJNZ Rr• address 
Decrement 
Register and Test 


Encoding: 
11 1 1 0 11 r r r I 
I a7 as a5 a4 I a3 a2 a1 aOI 
E8H-EFH 


Description: 
This is a 2-cycle instruction. 
Register 'r' is decremented, 
then tested for 


zero. If the register contains 
all zeros, program 
control 
falls through 
to the 
next instruction. 
If the register contents 
are not zero, control 
jumps to the 
specified 
'address'. 


The address in this case must evaluate to 8-bits, that is, the jump must be 
to a location 
within the current 
25S-location 
page. 


Example: 
(Rr) - 
(Rr) -1 
r = 0-7 
If Rr not 0 
(PCO-7) - 
addr 
Note: A 12-bit address specification 
does not cause an error if the 
DJNZ instruction 
and the jump target are on the same page. If the DJNZ 
instruction 
begins in location 
255 of a page, it must jump to a target 
address on the following 
page. 


Example: 
Increment 
values in data memory locations 
50-54. 


MOV RO,#50 
;MOVE '50' DEC TO ADDRESS 
;REG 0 
;MOVE '5' DEC TO COUNTER 
;REG 3 
;INCREMENT 
CONTENTS 
OF 


;LOCATION 
ADDRESSED 
BY 
;REG 0 
;INCREMENT 
ADDRESS IN REG 0 


;DECREMENT 
REG 3 - 
JUMP TO 
;'INCRT' IF REG 3 NONZERO 
;'NEXT' ROUTINE 
EXECUTED 


;IF R3 IS ZERO 


INC RO 
DJNZ R3, INCRT 


Encoding: 
10 0 0 0 10 1 0 1 I 
OSH 


Description: 
External interrupts 
are enabled. A low signal on the interrupt 
input pin 
initiates the interrupt 
sequence. 


Encoding: 
I0 0 1 0 I 0 1 0 1 I 
2SH 


Description: 
Timer/counter 
interrupts 
are enabled. An overflow 
of the timer/counter 
initiates the interrupt 
sequence. 


Encoding: 
10 1 1 1 I 0 1 0 1 I 
7SH 


Description: 
The test 0 pin is enabled to act as the clock output. This function 
is 
disabled 
by a system reset. 


Example: 
EMTSTO: ENTO ClK 
;ENABlE 
TO AS CLOCK OUTPUT 


IN A,Pp 
Input Port or Data to Accumulator 


Encoding: 
10 0 0 0 11 0 P pi 
09H-OAH 


Description: 
This is a 2-cycle 
instruction. 
Data present on port 'p' is 
transferred 
(read) to the accumulator. 


Operation: 
(A) - 
(Pp) 
INP12: IN A,P1 
MOV R6,A 
INA,P2 
MOV R7,A 


p = 1-2 
;INPUT PORT 1 CONTENTS 
TO ACC 


;MOVE ACC CONTENTS 
TO REG 6 


;INPUT PORT 2 CONTENTS 
TO ACC 


;MOVE ACC CONTENTS 
TO REG 7 


INC A 
Increment 
Accumulator 


Encoding: 
I0 0 0 1 I 0 1 1 11 
17H 


Description: 
The contents 
of the accumulator 
are incremented 
by one. Carry is not 
affected. 


Operation: 
(A) - 
(A) +1 


Example: 
Increment 
contents 
of location 
100 in external 
data memory. 
INCA: 
MOV RO,#100 
;MOVE '100' DEC TO ADDRESS REG 0 
MOVX A,@RO 
;MOVE CONTENTS 
OF LOCATION 
;100TO 
ACC 
INC A 
;INCREMENT 
A 
MOVX @RO,A 
;MOVE ACC CONTENTS 
TO 
;LOCATION 
101 


IHC Rr 
Increment 
Register 


Encoding: I0 0 0 1 11 r r r I 
18H-1 FH 


Description: 
The contents 
of working 
register 'r' are incremented 
by one. 


Operation: 
(Rr) - 
(Rr) + 1 
r = 0-7 


Example: 
INCRO: INC RO 
;INCREMENT 
CONTENTS 
OF REG 0 


IHC @R1 Increment 
Data Memory 
Location 


Encoding: 
10 0 0 1 100 
0 i I 
10H-11H 


Description: 
The contents of the resident data memory location addressed by register 'i' bits 
0-5** 
are incremented by one. 


Operation: 
((Ri)) - 
((Ri)) + 1 


Example: 
INCDM: 
MOV R1,#03FH 
INC @R1 


i = 0-1 


;MOVE ONES TO REG 1 
;INCREMENT 
LOCATION 
63 


Encoding: 
10 0 0 0 11 0 0 0 I 
08H 


Description: 
This is a 2-cycle 
instruction. 
Data present on the BUS port is transferreq 
(read) to the accumulator 
when the RD pulse is dropped. 
(Refer to section 
on programming 
memory expansion 
for details.) 


Operation: 
(A) - 
(BUS) 


Example: 
INPBUS: 
INS A,BUS 


• For use with internal 
program 
memory 
ONLY. 
··0-5 
in 8048AH/8748H 
0-6 
in 8049AH/8749H 
0-7 
in 8OSOAH 


JBb address 
Jump If Accumulator 
Bit Is Set 


Encoding: Ib2 b1 bO 1 I0 0 1 0 I 
I a7 a6 a5 a4 Ia3 a2 a1 aO I 


Accumulator 
Bit 
Hex Op Code 
o 
12 
1 
32 
2 
52 
3 
72 
4 
92 
5 
B2 
6 
02 
7 
F2 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if " 


accumulator 
bit 'b' is set to one. 


(PCO-7) - 
addr 
(PC) = (PC) + 2 
Example: 
JB4IS1: 
JB4 NEXT 


b = 0-7 
If Bb = 1 
If Bb = 0 
;JUMP TO 'NEXT' ROUTINE 
;IF ACC BIT 4 = 1 


JC address 
Jump If Carry Is Set 


Encoding: 
11 1 1 1 I 0 1 1 a I 
I a7 a6 a5 a4 I a3 a2 a1 aO I 
F6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if the 
carry bit is set to one. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JC1: JC OVFLOW 


If C = 1 
If C = 0 


;JUMP TO 'OVFLOW' 
ROUTINE 


;IF C = 1 


JFO address 
Jump If Flag 0 Is Set 


Encoding: 
11 a 1 1 I a 1 1 a I 
Ia7 a6 a5 a4 Ia3 a"2 a1 aO I 
B6H 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if 
flag 0 is set to one. 


Operation: 
(PCO-7) - 
addr 
(PC) =(PC) + 2 


Example: 
JFOIS1: JFO TOTAL 


If Fa = 1 
If Fa = 0 


;JUMP TO 'TOTAL' 
ROUTINE 
IF FO= 1 


If F1 = 1 
If F1 = 0 


;JUMP 
TO 'FILBUF' 
;ROUTINE 
IF F1 = 1 


JMP address 
Direct Jump within 2K Block 


Encoding: 
\a10 
a9 a8 0 I 0 1 0 01 
I a7 a6 a5 a41 a3 a2 a1 aor 


Page 
Hex Op Code 
o 
04 
1 
24 
2 
44 
3 
64 
4 
84 
5 
A4 
6 
C4 
7 
E4 


Description: 
This is a 2-cycle 
instruction. 
Bits 0-10 of the program 
counter 
are replaced 
with the directly-specified 
address. 
The setting 
of PC bit 11 is 
determined 
by the most recent 
SELECT 
MB instruction. 


Operation: 
(PC8-10) 
- 
addr 8-10 
(PCO-7) - 
addr 0-7 
(PCn) 
- 
DBF 


Example: 
JMP SUBTOT 
JMP $-6 
;JUMP 
TO SUBROUTINE 
'SUBTOT' 


;JUMP 
TO INSTRUCTION 
SIX 


;LOCATIONS 
BEFORE 
CURRENT 
;LOCATION 
;JUMP 
TO ADDRESS 
'2F' HEX 


JMPP @A 
Indirect Jump within Page 


Encoding: 
11 0 1 1 I 0 0 1 1 I 
B3H 


Description: 
This is a 2-cycle 
insruction. 
The contents 
of the program 
memory 
location 
pointed 
to by the accumulator 
are substituted 
for the 'page' 
portion 
of the 
program 
counter 
(PC bits 0-7). 


Operation: 
(PCO-7) - 
({A» 


Example: 
Assume accumulator 
contains 
OFH. 
JMPPAG: 
JMPP @A 
;JUMP TO ADDRESS STORED IN 
;LOCATION 
15 IN CURRENT 
PAGE 


JNC address 
Jump If Carry Is Not Set 


Encoding: 
11 1 1 0 I 0 1 1 0 II 
a7 as a5 a4 I a3 a2 a1 aOI 
ESH 


Description: 
This is a 2-cycle 
instruction. 
Control 
passes to the specified 
address if 
the carry bit is not set, that is, equals zero. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JCO: JNC NOVFLO 


If C = 0 
If C = 1 


;JUMP TO 'NOVFLO' 
ROUTINE 


;IF C = 0 


JNI address 
Jump If Interrupt 
Input Is Low 


Encoding: 
11 0 0 0 I 0 1 1 0 I 
Ia7 as a5 a4 I a3 a2 a1 aOI 
8SH 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if the 
interrupt 
input signal is low (= 0), that is, an external 
interrupt 
has been 
signaled. 
(This signal initiates an interrupt 
service sequence if the external 
interrupt 
is enabled.) 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 
Example: 
LOC 3: JNI EXTINT 


If 1= 0 
If I = 1 
;JUMP TO 'EXTINT' 
ROUTINE 
;IF 1= 0 


JNTO address 
Jump If Test 0 Is Low 


Encoding: I 0 0 1 0 I 0 1 1 0 I 
Ia7 a6 a5 a41 a3 a2 a1 aOI 
26H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address, if the 
test 0 signal is low. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JTOLOW: JNTO 60 


If TO = 0 
If TO = 1 


;JUMP TO LOCATION 
SODEC 
;IF TO = 0 


JNT1 address 
Jump If Test 1 Is Low 


Encoding: 
10 1 0 0 I 0 1 1 0 I 
I a7 as as a4 I a3 a2 a1 aOI 
4SH 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address, if 
the test 1 signal is low. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 
If T1 = 0 
IfT1 
= 1 


JNZ Address 
Jump If Accumulator 
Is Not Zero 


Encoding: 
11 0 0 1 I 0 1 1 0 I 
I a7 as as a4 I a3 a2 a1 aOI 
9SH 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if the 
accumulator 
contents 
are nonzero at the time this instruction 
is executed. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JACCNO: JNZ OASH 


If A# 
0 
If A = 0 


;JUMP TO LOCATION 
'AS' HEX 
;IF ACC VALUE IS NONZERO 


JTF address 
Jump If Timer Flag Is Set 


Encoding: 
10 0 0 1 I 0 1 1 0 I 
I a7 as as a4 I a3 a2 a1 aOI 
1SH 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if the 
timer flag is set to one, that is, the timer/counter 
register has overflowed. 
Testing the timer flag resets it to zero. (This overflow 
initiates an interrupt 
service sequence if the timer-overflow 
interrupt 
is enabled.) 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JTF1: JTF TIMER 


IfTF 
= 1 
If TF = 0 


;JUMP TO 'TIMER' ROUTINE 
;IF TF = 1 


10 0 1 1 I 0 1 1 0 I 
I a7 as as a41 a3 a2 a1 aO I 
3SH 


This is a 2-cycle instruction. 
Control 
passes to the specified 
address if 
the test 0 signal is high (= 1). 


(PCO-7) - 
addr 
(PC) = (PC) + 2 


JTOHI: JTO S3 


IfTO = 1 
If TO = 0 


;JUMP TO LOCATION 
S3 DEC 
;IF TO = 1 


Encoding: 


Description: 


JT1 address 
Jump If Test 1 Is High 


Encoding: I 0 1 0 1 I 0 1 1 0 1 
1a7 a6 as a41 a3 a2 a1 aOI 
S6H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if the 
test 1 signal is high (= 1). 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JT1 HI: JT1 COUNT 


IfT1 = 1 
IfT1 
= 0 


;JUMP TO 'COUNT' 
ROUTINE 
;IF T1 = 1 


JZ address 
Jump If Accumulator 
Is Zero 


Encoding: 
11 1 0 0 10 1 1 01 
1a7 a6 as a41 a3 a2 a1 aOI 
C6H 


Description: 
This is a 2-cycle instruction. 
Control 
passes to the specified 
address if 
the accumulator 
contains 
all zeros at the time this instruction 
is executed. 


Operation: 
(PCO-7) - 
addr 
(PC) = (PC) + 2 


Example: 
JACCO: 
JZ OA3H 


If A = 0 
If A¢ 1 


;JUMP TO LOCATION 
'A3' HEX 
;IF ACC VALUE IS ZERO 


MOV A,#data 
Move Immediate 
Data to Accumulator 


Encoding: I 0 0 1 0 I 0 0 1 1 I 
Ia7 a6 as a41 a3 a2 a1 aOI 
23H 


Description: 
This is a 2-cycle instruction. 
The 8-bit value specified 
by 'data' is loaded 
in the accumulator. 


Operation: 
(A) - 
data 


Example: 
MOV A,#OA3H 


MOV A,PSW 
Move PSW Contents to Accumulator 


Encoding: 
11 1 0 0 I 0 1 1 1 I 
C7H 


Description: 
The contents 
of the program status word are moved to the accumulator. 


Operation: 
(A) - 
(PSW) 


Example: 
Jump to 'RB1 SET' routine if PSW bank switch, bit 4, is set. 
BSCHK: 
MOV A,PSW 
;MOVE PSW CONTENTS 
TO ACC 
JB4 RB1SET 
;JUMP TO 'RB1SET' IF ACC BIT 4 = 1 


MOY A,Rr 
Move Register Contents to Accumulator 


Encoding: 
11 1 1 1 11 r r r I 
F8H-FFH 


Description: 
8-bits of data are removed from working 
register 'r' into the accumulator. 


Operation: 
(A) - 
(Rr) 
r = 0-7 


Example: 
MAR: 
MOV A,R3 
;MOVE CONTENTS 
OF REG 3 TO ACC 


MOY A,@Ri 
Move Data Memory Contents to Accumulator 


Encoding 
11 1 1 1 I 0 0 0 i I 
FOH-F1 H 


Description: 
The contents of the resident data memory location addressed by bits 0-5** 
of 
register 'i' are moved to the accumulator. Register 'i' contents are unaffected. 


Operation: 
(A) - 
((Ri» 


Example: 
Assume R1 contains 
00110110. 


MADM: 
MOV A,@R1 
;MOVE CONTENTS 
OF DATA MEM 


;LOCATION 
54 TO ACC 


MOY A,T 
Move Timer/Counter 
Contents to Accumulator 


Encoding: I 0 1 0 0 I 0 0 1 0 I 
42H 


Description: 
The contents 
of the timer/event-counter 
register are moved to the 
accumulator. 


Operation: 
(A) - 
(T) 


Example: 
Jump to "EXIT" routine when timer reaches '64', that is, when bit 6 set- 
assuming 
initialization 
64, 
TIMCHK: 
MOV A,T 
JB6 EXIT 


;MOVE TIMER CONTENTS 
TO ACC 


;JUMP TO 'EXIT' IF ACC BIT 6 = 1 


MOY PSW,A 
Move Accumulator 
Contents 
to PSW 


Encoding: 
11 1 0 1 I 0 1 1 1 I 
D7H 


Description: 
The contents 
of the accumulator 
are moved into the progam status word. 


All condition 
bits and the stack pointer are affected 
by this move. 


Operation: 
(PSW) - 
(A) 


Example: 
Move up stack pointer by two memory locations, 
that is, increment 
the 


pointer 
by one. 


INCPTR: 
MOV A,PSW 
INCA 
MOV PSW,A 


;MOVE PSW CONTENTS 
TO ACC 


;INCREMENT 
ACC BY ONE 


;MOVE ACC CONTENTS 
TO PSW 


•• 0-5 
in 8048AH/B74BH 


0-6 
in B049AH/B749H 
0-7 
in BOSOAH 


MOV Rr,A 
Move Accumulator 
Contents to Register 


Encoding: 
11 0 1 0 11 r r r I 
A8H-AFH 


Description: 
The contents 
of the accumulator 
are moved to register 
'r'. 


Operation: 
(Rr) - 
(A) 
r = 0-7 


Example: 
MRA: 
MOV RO,A 
;MOVE CONTENTS 
OF ACC TO REG 0 


MOV Rr,#data 
Move Immediate 
Data to Register 


Encoding: 
11 0 1 1 11 
r2 r1 rOI 
I d7 d6 dS d4 I d3 d2 d1 dO I 
B8H-BFH 


Description: 
This is a 2-cycle 
instruction. 
The 8-bit value specified 
by 'data' 
is moved 
to 
register 
'r'. 


Operation: 
(Rr) - 
data 


Examples: 
MIR4: 
MOV R4,#HEXTEN 


r = 0-7 


;THE VALUE 
OF THE SYMBOL 
;'HEXTEN' 
IS MOVED 
INTO 
REG 4 
;THE VALUE 
OF THE EXPRESSION 
;'PI*(R*R)' 
IS MOVED 
INTO 
REG S 
;'AD' HEX IS MOVED 
INTO 
REG 6 


MOV @ RI,A 
Move Accumulator 
Contents to Data Memory 


Encoding: 
11 0 1 0 10 0 0 i I 
AOH-A1H 


Description: 
The contents 
of the accumulator 
are moved to the resident 
data memory 
location 
whose 
address 
is specified 
by bits O-S** of register 
'i'. Register 
'i' 
contents 
are unaffected. 


Operation: 
((Ri)) - 
(A) 


Example: 
Assume 
RO contains 
00000111. 
MDMA: 
MOV@RO,A 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
7 (REG 7) 


MOV @ Ri,#data 
Move Immediate Data to Data memory 


Encoding: 
11 0 1 1 I 0 0 0 i I 
I d7 d6 dS d4 I d3 d2 d1 dO I 
BOH-B1H 


Description: 
This is a 2-eycle instruction. 
The 8-bit value specified by 'data' is moved 
to the resident data memory location addressed by register 'i', bits 0-S**. 


Operation: 
((Ri)) - 
data 
i = 0-1 


Examples: 
Move the hexadecimal 
value AC3F to locations 
62-63. 
MIDM: 
MOV RO,#62 
;MOVE '62' DEC TO AD DR REG 0 
MOV @RO,#OACH 
;MOVE 'AC' HEX TO LOCATION 
62 
INC RO 
;INCREMENT 
REG 0 to '63' 
MOV @RO,#3FH 
;MOVE '3F' HEX TO LOCATION 
63 


** 0-5 
in B04BAH/B74BH 
0-6 
in B049AH/B749H 


0-7 
in BOSOAH 


MOV T,A 
Move Accumulator 
Contents to Timer/Counter 


Encoding: I 0 1 1 0 I 0 0 1 0 I 
62H 


Description: 
The contents 
of the accumulator 
are moved to the timer/event-counter 
register. 


Operation: 
(T) - 
(A) 


Example: 
Initialize 
and start event counter. 
INITEC: 
CLR A 
MOVT,A 
START CNT 


;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO EVENT COUNTER 
;START COUNTER 


MOVD 
A,Pp 
Move Port 4-7 Data to Accumulator 


Encoding: 
I 0 0 0 0 11 1 P P I 
OCH-OFH 


Description: 
This is a 2-cycle instruction. 
Data on 8243 port 'p' is moved (read) to 
accumulator 
bits 0-3. Accumulator 
bits 4-7 are zeroed. 


Operation: 
(0-3) - 
(Pp) 
(4-7) - 
0 


Note: Bits 0-7 of the opcode are used to represent ports 4-7. 
If you are 
coding 
in binary rather than assembly language, the mapping 
is as 
follows: 


Bits 1 0 
Port 


00 
4 
01 
5 
1 0 
6 
1 1 
7 


;MOVE PORT 5 DATA TO ACC 
;BITS 0-3, ZERO ACC BITS 4-7 


MOVD 
Pp,A 
Move Accumulator 
Data to Port 4-7 


Encoding: I 0 0 1 1 11 1 P p I 
3CH-3FH 


Description: 
This is a 2-cycle instruction. 
Data in accumulator 
bits 0-3 is moved 
(written) 
to 8243 port 'p'. Accumulator 
bits 4-7 are unaffected. 
(See NOTE 
above regarding 
port mapping.) 


Operation: 
(Pp) - 
(AO-3) 
P = 4-7 


Example: 
Move data in accumulator 
to ports 4 and 5. 


OUTP45: 
MOVD P4,A 
;MOVE ACC BITS 0-3 TO PORT 4 
SWAP A 
;EXCHANGE ACC BITS 0-3 and 4-7 


MOVD P5.A 
;MOVE ACC BITS 0-3 TO PORT 5 


MOVP A,@A 
Move Current Page Data to Accumulator 


Encoding: 
11 0 1 0 I 0 0 1 1 I 
A3H 


Description: 
The contents 
of the program memory location 
addressed 
by the 
accumulator 
are moved to the accumulator. 
Only bits 0-7 of the program 
counter are affected, limiting 
the program 
memory reference to the 
current 
page. The program counter 
is restored following 
this operation. 


Operation: 
(PCO-7) - 
(A) 
(A) - 
((PC)) 
Note: This is a 1-byte, 2-cycle instruction. 
If it appears in location 
255 of a 
program 
memory page, @A addresses a location 
in the following 
page. 


Example: 
MOV128: 
MOV A,#128 
MOVPA,@A 
;MOVE '128' DEC TO ACC 
;CONTENTS 
OF 129th LOCATION 
IN 
;CURRENT PAGE ARE MOVED TO ACC 


MOVP3 A,@A 
Move Page 3 Data to Accumulator 


Encoding: 
11 1 1 0 I 0 0 1 1 I 
E3H 


Description: 
This is a 2-cycle instruction. 
The contents 
of the program 
memory location 
(within 
page 3) addressed by the accumulator 
are moved to the 
accumulator. 
The program counter 
is restored following 
this operation. 


Operation: 
(PCO-7) - 
(A) 
(PC8-11) - 
0011 
(A) - 
((PC)) 


Example: 
Look up ASCII equivalent 
of hexadecimal 
code in table contained 
at the 
beginning 
of page 3. Note that ASCII characters 
are designated 
by a 
7-bit code; the eighth bit is always reset. 
TABSCH: 
MOV A,#OB8H 
;MOVE 'B8' HEX TO ACC (10111000) 
ANL A,#7FH 
;LOGICAL 
AND ACC TO MASK BIT 
;7 (00111000) 
MOVP3 A,@A 
;MOVE CONTENTS 
OF LOCATION 
'38' 
;HEX IN PAGE 3 TO ACC (ASCII '8') 
Access contents 
of location 
in page 3 labelled TAB1. 
Assume current 
program 
location 
is not in page 3. 
TABSCH: 
MOV A,#LOW TAB 1 
;ISOLATE BITS 0-7 OF LABEL 
;ADDRESS VALUE 
MOVP3 A,@A 
;MOVE CONTENTS 
OF PAGE 3 
;LOCATION 
LABELED 'TAB1' TO ACC 


Encoding: 


Description: 


11 0 0 0 I 0 0 0 i I 
80H-81 H 


This is a 2-cycle instruction. 
The contents 
of the external data memory 
location 
addressed by register 'i' are moved to the accumulator. 
Register 'i' 
contents 
are unaffected. 
A read pulse is generated. 


Operation: 
(A) - 
((Ri)) 
i = 0-1 


Example: 
Assume R1 contains 
01110110. 


MAXDM: 
MOVX A,@R1 
;MOVE CONTENTS 
OF LOCATION 
;118 TO ACC 


MOVX @Rj,A 
Move Accumulator Contents to External Data Memory 


Encoding: 
11 0 0 1 10 0 0 i [ 
90H-91H 


Description: 
This is a 2-cycle instruction. 
The contents 
of the accumulator 
are moved to 
the external data memory location 
addressed by register 'i'. Register 'i' 


contents 
are unaffected. 
A write pulse is generated. 


Operation: 
((Ri)) - 
A 


Example: 
Assume ROcontains 
11000111. 
MXDMA: 
MOVX @RO,A 
;MOVE CONTENTS 
OF ACC TO 
;LOCATION 
199 IN EXPANDED 


;DATA MEMORY 


NOP 
The NOP Instruction 


Encoding: I0 0 0 0 10 0 0 0 I 
OOH 


Description: 
No operation 
is performed. 
Execution 
continues 
with the following 
instruction. 


ORL A,Rr 
Logical 
OR Accumulator 
With Register Mask 


Encoding: 
10 1 0 0 11 r r r I 
48H-4FH 


Description: 
Data in the accumulator 
is logically 
ORed with the mask contained 
in 
working 
register 'r'. 


Operation: 
(A) - 
(A) OR (Rr) 


Example: 
ORREG: 
ORL A,R4 


r = 0-7 


;'OR' ACC CONTENTS 
WITH 


;MASK IN REG 4 


ORL A,@RI 
Logical 
OR Accumulator 
With Memory Mask 


Encoding: 
10 1 0 0 10 0 0 i I 
40H-41H 


Description: 
Data in the accumulator is logically ORed with the mask contained in the 
resident data memory location referenced by register "i", bits 0-5**. 


Operation: 
(A) - 
(A) OR ((Ri» 
i = 0-1 


Example: 
ORDM: 
MOV RO,#3FH 
;MOVE '3F' HEX TO REG 0 
ORL A,@RO 
;'OR' AC CONTENTS 
WITH MASK 
;IN LOCATION 
63 


ORL A,#data 
Logical OR Accumulator 
With Immediate 
Mask 


Encoding: 
10 1 0 0 I 0 0 1 1 I 
Id7 d6 dS d4 I d3 d2 d1 dOI 
43H 


Description: 
This is a 2-cycle. instruction. 
Data in the accumulator 
is logically 
ORed with 
an immediately-specified 
mask. 


Operation: 
(A) - 
(A) OR data 


Example: 
ORID: 
ORL A,#'X' 
;'OR' ACC CONTENTS 
WITH MASK 
;01011000 (ASCII VALUE OF 'X') 


ORL BUS,#data* 
Logical 
OR BUS With Immediate 
Mask 


Encoding: 
11 0 0 0 11 0 0 0 I 
Id7 d6 dS d4 I d3 d2 d1 dO 1 
88H 


Description: 
This is a 2-cycle 
instruction. 
Data on the BUS port is logically 
ORed with an 


immediately-specified 
mask. This instruction 
assumes prior specification 
on an 'OUTL BUS,A' instruction. 


Operation: 
(BUS) - 
(BUS) OR data 


Example: 
ORBUS: 
ORL BUS,#HEXMSK 
:'OR' BUS CONTENTS 
WITH MASK 


;EQUAL VALUE OF SYMBOL 'HEXMSK' 


ORL Pp, #data 
Logical 
OR Port 1 or 2 With Immediate 
Mask 


Encoding: 
11 0 0 0 11 0 P PI 
I d7 d6 dS d4 I d3 d2 d1 dOI 
89H-8AH 


Description: 
This is a 2-cycle 
instruction. 
Data on port 'p' is logically 
ORed with an 
immediately-specified 
mask. 


Operation: 
(Pp) - 
(Pp) OR data 


Example: 
ORP1: ORL P1, #OFFH 


p = 1-2 


;'OR' PORT 1 CONTENTS 
WITH MASK 


;'FF' HEX (SET PORT 1 TO ALL ONES) 


• For use with internal 
program 
memory 
ONLY. 


··0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


ORLD Pp,A 
Logical OR Port 4-7 With Accumulator 
Mask 


Encoding: 
11 0 0 0 11 1 P P I 
8CH-8FH 


Description: 
This is a 2-cycle instruction. 
Data on port 'p' is logically 
ORed with the 
digit mask contained 
in accumulator 
bits 0-3. 


Operation: 
(Pp) - 
(Pp) OR (AO-3) 


Example: 
ORP7: ORLD P7,A 


p = 4-7 


;'OR' PORT 7 CONTENTS 
WITH ACC 


;BITS 0-3 


OUTL 
BUS,A· 
Output Accumulator 
Data to BUS 


Encoding: 
10 0 0 0 I 0 0 1 0 I 
02H 


Description: 
This is a 2-cycle instruction. 
Data residing in the 
accumulator 
is transferred 
(written) 
to the BUS port and 
latched. The latched data remains valid until altered by 
another OUTL instruction. 
Any other instruction 
requiring 
use of the BUS port (except INS) destroys the contents 
of 
the BUS latch. This includes expanded 
memory operations 
(such as the MOVX instruction). 
Logical operations 
on 
BUS data (AND, OR) assume the OUTL BUS,A instruction 
has been issued previously. 


Operation: 
(BUS) - 
(A) 


Example: 
OUTLBP: 
OUTL BUS, A 


OUTL 
Pp,A 
Output Accumulator 
Data to Port 1 or 2 


Encoding: I 0 0 1 1 11 0 P PI 
39H-3AH 


Description: 
This is a 2-cycle instruction. 
Data residing in the accumulator 
is transferred 
(written) 
to port 'p' and latched. 


Operation: 
(Pp) - 
(A) 


Example: 
OUTLP: 
MOV A,R7 
OUTL P2,A 
MOV A, R6 
OUTL P1,A 


p = 1-2 


;MOVE REG 7 CONTENTS 
TO ACC 


;OUTPUT ACC CONTENTS 
TO PORT 2 


;MOV REG 6 CONTENTS 
TO ACC 
;OUTPUT ACC CONTENTS 
TO PORT 1 


RET 
Return Without 
PSW Restore 


Encoding: 
11 0 0 0 10 0 1 11 
83H 


Description: 
This is a 2-cycle instruction. 
The stack pointer 
(PSW bits 0-2) is 
decremented. 
The program counter is then restored from the stack. PSW 
bits 4-7 are not restored. 


Operation: 
(SP) - 
(SP)-1 
(PC) - 
((SP)) 


RETR 
Return with PSW Restore 


Encoding: 
11 0 0 1 I 0 0 1 1 1 
93H 


Description: 
This is a 2-cycle instruction. 
The stack pointer is decremented. 
The 
program counter and bits 4-7 of the PSW are then restored from the stack. 
Note that RETR should be used to return from an interrupt, 
but should 
not be used within the interrupt 
service routine as it signals the end of an 
interrupt 
routine by resetting the Interrupt 
in Progress flip-flop. 


Operation: 
(SP) - 
(SP)-1 
(PC) - 
((SP)) 
(PSW 4-7) - 
((SP)) 


RL A 
Rotate Left without Carry 


Encoding: ~}i] 
0 1 1 1 I 
E7H 


Description: 
The contents of the accumulator 
are rotated left one bit. Bit 7 is rotated 
into the bit 0 position. 


Operation: 
(An + 1) - 
(An) 
(AO) - 
(A7) 


Example: 
Assume accumulator 
contains 10110001. 


RLNC: 
RL A 
;NEW ACC CONTENTS 
ARE 01100011 


RLC A 
Rotate Left through Carry 


Encoding: 
11 1 1 1 I 0 1 1 1 I 
F7H 


Description: 
The contents of the accumulator 
are rotated left one bit. Bit 7 replaces the 
carry bit; the carry bit is rotatd into the bit 0 position. 


Operation: 
(An + 1) - 
(An) 
n=0-6 
(AO) - 
(C) 
(C) - 
(A7) 


Example: 
Assume accumulator 
contains a 'signed' number; isolate sign without 
changing 
value. 


RLTC: CLR C 
;CLEAR CARRY TO ZERO 
RLC A 
;ROTATE ACC LEFT, SIGN 
;BIT (7) IS PLACED IN CARRY 
RR A 
;ROTATE ACC RIGHT - 
VALUE 


;(BITS 0-6) IS RESTORED, 
;CARRY UNCHANGED, 
BIT 7 
;IS ZERO 


RR A 
Rotate Right without Carry 


Encoding: 
10 1 1 1 I 0 1 1 1 I 
77H 


Description: 
The contents of the accumulator 
are rotated right one bit. Bit 0 is rotated 
into the bit 7 position. 


Operation: 
(An) - 
(An + 1) 
(A7) - 
(AO) 


Example: 
Assume accumulator 
contains 10110001. 
RRNC: RR A 
;NEW ACC CONTENTS ARE 11011000 


RRC A 
Rotate Right through Carry 


Encoding: 
10 1 1 0 I 0 1 1 11 
67H 


Description: 
The contents 
of the accumulator 
are rotated right one bit. Bit 0 replaces the 


carry bit; the carry bit is rotated into the bit 7 position. 


Operation: 
(An) - 
(An + 1) 
n = 0-6 
(A7) - 
(C) 
(C) - 
(AO) 


Example: 
Assume carry is not set and accumulator 
contains 
10110001. 


RRTC: RRC A 
;CARRY IS SET AND ACC 
;CONTAINS 
01011000 


SEt 
MBO 
Select Memory 
Bank 0 


Encoding: 
11 1 1 0 I 0 1 0 1 I 
E5H 


Description: 
PC bit 11 is set to zero on next JMP or CALL instruction. 
All references to 
program 
memory addresses fall within the range 0-2047. 


Operation: 
(DBF) - 
0 


Example: 
Assume program counter contains 
834 Hex. 


SEL MBO 
;SELECT MEMORY BANK 0 
JMP $+20 
;JUMP TO LOCATION 
58 HEX 


SEt 
MB1 
Select Memory 
Bank 1 


Encoding: 
11 1 1 1 I 0 1 0 1 I 
F5H 


Description: 
PC bit 11 is set to one on next JMP or CALL instruction. 
All references to 


program 
memory addresses fall within the range 2048-4095. 


Operation: 
(DBF) - 
1 


SEL RBO 
Select Register Bank 0 


Encoding: 
11 1 0 0 I 0 1 0 1 I 
C5H 


Description: 
PSW bit 4 is set to zero. References to working 
registers 0-7 address data 
memory locations 
0-7. This is the recommended 
setting for normal 
program execution. 


Operation: 
(BS) - 
0 


SEL RB1 
Select Register Bank 1 


Encoding: 11 1 0 1 I 0 1 0 1 I 
D5H 


Description: 
PSW bit 4 is set to one. References to working 
registers 0-7 address data 


memory locations 24-31. This is the recommended 
setting for interrupt service 


routines, since locations 0-7 are left intact. The setting of PSW bit 4 in 
effect at the time of an interrupt 
is restored by the RETR instruction 
when 
the interrupt 
service routine is completed. 


Operation: 
(BS) - 
1 


Example: 
Assume an external interrupt 
has occurred, 
control 
has passed to program 
memory location 3, and PSW bit 4 was zero before the interrupt. 


SEL RB1 
MOV R7,#OFAH 


;JUMP TO ROUTINE 'INIT' IF 
;INTERRUPT 
INPUT IS ZERO 


;MOVE ACC CONTENTS 
TO 


;LOCATION 
7 


;SELECT REG BANK 1 
;MOVE 'FA' HEX TO LOCATION 
31 


SEL RBO 
MOV A,R7 
RETR 


;SELECT REG BANK 0 
;RESTORE ACC FROM LOCATION 
7 
;RETURN - 
RESTORE PC AND PSW 


STOP TCNT 
Stop Timer/Event-Counter 


Encoding: 
I 0 1 1 0 I 0 1 0 1 I 
65H 


Description: 
This instruction 
is used to stop both time accumulation 
and event counting. 


Example: 
Disable interrupt, 
but jump to interrupt 
routine after eight overflows 
and 
stop timer. Count overflows 
in register 7. 
START: 
DIS TCNTI 
CLRA 
MOVT,A 
MOV R7,A 
STRT T 
MAIN: 
JTF COUNT 


JMP MAIN 
COUNT: 
INC R7 
MOVA,R7 
JB31NT 


INT: STOP TCNT 
JMP7H 


;DISABLE TIMER INTERRUPT 
;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO TIMER 
;MOVE ZEROS TO REG 7 
;START TIMER 
;JUMP TO ROUTINE 'COUNT' 
;IF TF = 1 AND CLEAR TIMER FLAG 
;CLOSE LOOP 
;INCREMENT 
REG 7 
;MOVE REG 7 CONTENTS 
TO ACC 
;JUMP TO ROUTINE 'INT' IF ACC 
;BIT 3 IS SET (REG 7 = 8) 
;OTHERWISE RETURN TO ROUTINE 
;MAIN 


;STOP TIMER 
;JUMP TO LOCATION 
7 (TIMER) 
;INTERRUPT 
ROUTINE 


Encoding: 


Description: 
I0 1 0 0 I 0 1 0 1 I 
45H 


The test 1 (T1) pin is enabled as the event-counter 
input and the counter 
is started. The event-counter 
register is incremented 
with each high-to-Iow 
transition 
on the T1 pin. 


Initialize 
and start event counter. Assume overflow 
is desired with first T1 
input. 
STARTC: 
EN TCNTI 
MOV A,#OFFH 
MOVT,A 
STRT CNT 


;ENABLE COUNTER 
INTERRUPT 
;MOVE 'FF'HEX (ONES) TO ACC 
;MOVES ONES TO COUNTER 
;ENABLE T1 AS COUNTER 
;INPUT AND START 


STRT T 
Start Timer 


Encoding: 
10 1 0 1 I 0 1 0 1 I 
55H 


Description: 
Timer accumulation 
is initiated 
in the timer register. The register is 
incremented 
every 32 instruction 
cycles. The prescaler which counts the 
32 cycles is cleared but the timer register is not. 


Example: 
Initialize 
and start timer. 


STARTT: 
CLR A 
MOV T,A 
EN TCNTI 
STRT T 


;CLEAR ACC TO ZEROS 
;MO\lE ZEROS TO TIMER 
;ENABLE TIMER INTERRUPT 
;START TIMER 


Encoding: 


Description: 


Operation: 


Example: 


10 1 0 0 I 0 1 1 1 I 
47H 


Bits 0-3 of the accumulator 
are swapped with bits 4-7 of the accumulator. 


(A4-7) =:; (AO-3) 


Pack bits 0-3 of locations 50-51 into location 
50. 


PCKDIG: 
MOV RO,#50 
;MOVE '50' DEC TO REG 0 
MOV R1, #51 
;MOVE '51' DEC TO REG 1 
XCHD A,@RO 
;EXCHANGE 
BITS 0-3 OF ACC 


;AND LOCATION 
50 


;SWAP BITS 0-3 AND 4-7 OF ACC 
;EXCHANGE 
BITS 0-3 OF ACC AND 


;LOCATION 
51 


;MOVE CONTENTS 
OF ACC TO 


;LOCATION 
50 


SWAP A 
XCHD A,@R1 


XCH A,Rr 
Ex.change Accumulator-Register 
Contents 


Encoding: I0 0 1 0 11 r r r I 
28H-2FH 


Description: 
The contents 
of the accumulator 
and the contents 
of working 
register 'r' 
are exchanged. 


Operation: 
(A) =:; (Rr) 
r = 0-7 


Example: 
Move PSW contents to Reg 7 without 
losing accumulator 
contents. 


XCHAR7: 
XCH A,R7 
;EXCHANGE 
CONTENTS 
OF REG 7 


;AND ACC 
;MOVE PSW CONTENTS 
TO ACC 


;EXCHANGE 
CONTENTS 
OF REG 7 
'AND ACC AGAIN 


MOVA, 
PSW 
XCH A,R7 


Encoding: 


Description: 


10 0 1 0 I 0 0 0 i I 
20H-21 H 


The contents 
of the accumulator 
and the contents 
of the resident data 
memory location 
addressed by bits 0-5** of register 'i' are exchanged. 


Register 'j' contents 
are unaffected. 


Operation: 
(A) ~ 
((Ri)) 
i = 0-1 


Example: 
Decrement contents of location 52. 
DEC52: MOV RO,#52 
;MOVE '52' DEC TO ADDRESS REG 0 
XCH A,@RO 
;EXCHANGE 
CONTENTS 
OF ACC 


;AND LOCATION 
52 


;DECREMENT 
ACC CONTENTS 
;EXCHANGE 
CONTENTS 
OF ACC 


;AND LOCATION 
52 AGAIN 


DECA 
XCH A,@RO 


Encoding: 


Description: 


10 0 1 1 10 0 0 i 1 


This instruction 
exchanges 
bits 0-3 of the accumulator 
with bits 0-3 of 
the data memory location 
addressed by bits 0-5** of register 'i'. Bits 4-7 of 
the accumulator, 
bits 4-7 of the data memory location, 
and the contents 
of 
register 'i' are unaffected. 


Operation: 
(AO-3) ~ 
((RiO-3)) 
i = 0-1 


Example: 
Assume program counter contents 
have been stacked in locations 
22-23. 


XCHNIB: 
MOV RO,#23 
CLR A. 
XCHD A,@RO 


;MOVE '23' DEC TO REG 0 
;CLEAR ACC TO ZEROS 
;EXCHANGE 
BITS 0-3 OF ACC AND 


;LOCATION 
23 (BTS 8-11 OF PC ARE 


;ZEROED, ADDRESS REFERS 
:TO PAGE 0) 


XRL A,Rr 
Logical XOR Accumulator 
With Register Mask 


Encoding: 
11 1 0 1 11 r r r I 
D8H-DFH 


Description: 
Data in the accumulator 
is EXCLUSIVE ORed with the mask contained 
in 
working 
register 'r'. 


Operation: 
(A) +- 
(A) XOR (Rr) 


Example: 
XORREG: 
XRL A,R5 


r = 0-7 


;'XOR' ACC CONTENTS 
WITH 
;MASK IN REG 5 
··0-5 
in 8048AH/8748H 
0-6 
in 8049AH/8749H 
0-7 
in 8050AH 


XRL A,@Ri 
Logical XOR Accumulator 
With Memory 
Mask 


Encoding: 
11 1 0 1 I 0 0 0 i I 
DOH-D1 H 


Description: 
Data in the accumulator is EXCLUSIVE ORed with the mask contained in the 
data memory location addressed by register 'i', bits O-S,,· 


Operation: 
(A) +- 
(A) XOR ((Ri)) 
i = 0-1 


Example: 
XORDM: 
MOV R1,#20H 
;MOVE '20' HEX TO REG 1 
XRL A,@R1 
;'XOR' ACC CONTENTS 
WITH MASK 
;IN LOCATION 
32 


XRL A,#data 
Logical XOR Accumulator 
With Immediate 
Mask 


Encoding: 
11 1 0 1 
10 
0 1 1 
I 
Id7 d6 dS d4 
I 
d3 d2 d1 dOI 
D3H 


Description: 
This is a 2-cycle 
instruction. 
Data in the accumulator 
is EXCLUSIVE ORed 
with an immediately-specified 
mask. 


Operation: 
(A) +- 
(A) XOR data 


Example: 
XORID: 
XOR A,#HEXTEN 
;XOR CONTENTS 
OF ACC WITH 
MASK 


;EQUAL VALUE OF SYMBOL 'HEXTEN' 
•• 0-5 
in 8048AH/8748H 


0-6 
in 8049AH/8749H 


0-7 
in 8050AH 
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Symbol 
Pin No. 
Function 


PROG 
7 
Clock'tnput. A high to low transi- 
tion on PROG signifies that ad- 
dress and control are available on 
P20-P23,and a low to high transi- 
tion signifies that data is available 
on P20-P23. 


CS 
6 
Chip Select Input. A high on CS 
inhibits any change of output or 
internal status. 
P20-P23 
11-8 
Four (4) bit bi-directional port con- 
tains the address and 'control bits 
on a high to low transition of 
PROG During a low to high tran- 
sition contains the data for a sel- 
ected output port if a write opera- 
tion, or the data from a selected 
port before the low to high transi- 
tion if a read operation. 
GND 
12 
o volt supply. 
P40cP43 
2-5 
Four (4) bit bi-directional 1/0 Dorts. 
P50-P53 1,23-21 
May be programmed to be input 
P60-P63 
20-17 
(during read), low impedance 
P70-P73 
13-16 
latched output (after write), or a tri- 
state (after read). Data on pins 
P20-P23may be directly written, 
ANDed or ORed with previous 
data. 


VCC 
24 
+5 volt supply. 


FUNCTIONAL 
DESCRIPTION 


General Operation 


The 8243 contains 
four 4-bit 1/0 ports which serve 
as an extension 
of the on-Chip 
1/0 and are ad- 
dressed ·as ports 4-7. The following 
operations 
may 
be performed 
on these ports: 


• Transfer 
Accumulator 
to Port. 


• Transfer 
Port to Accumulator. 
• AND Accumulator 
to Port. 
• OR Accumulator 
to Port. 


All communication 
between the 8048 and the 8243 
occurs 
over Port 2 (P20-P23) with timing 
provided 
by an output 
pulse on the PROG pin of the proces- 
sor. Each transfer 
consists 
of two 4-bit nibbles: 


The first containing 
the "op code" and port address 
and the second containing 
the actual 4-bits of data. 
A high to low transition 
of the PROG line indicates 
that address is present while a low to high transition 
indicates 
the presence 
of data, Additional 
8243's 
may be added 
to the 4-bit 
bus and chip selected 
using 
additional 
output 
lines from the 8048/87481 


8035, 


Power On Initialization 


Initial 
application 
of power 
to the device 
forces 
input/output 
ports 4, 5,6, and 7 to the tri-state 
and 
port 
2 to the input 
mode. The PROG pin may be 
either high or low when power is applied. 
The first 
high to low transition 
of PROG causes device to 
exit 
power 
on mode. 
The power 
on sequence 
is 
initiated 
if VCC drops below 1V. 


Address 
Instruction 
P21 
P20 
Code 
P23 
P22 
Code 


0 
0 
Port 4 
0 
0 
Read 
0 
1 
Port 5 
0 
1 
Write 
1 
0 
Port 6 
1 
0 
ORLD 
1 
1 
Port 7 
1 
1 
ANLD 


Write Modes 


The device has three write modes. MOVD Pi, A dir- 
ectly writes new data into the selected port and old 
data is lost. ORLD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANLD Pi, A 
takes new data, AND's it with the old data and then 
writes 
it to the port. Operation 
code and port ad- 
dress are latched from the input port 2 on the high 
to low transition 
of the PROG pin. On the low to high 
transition 
of PROG data on port 2 is transferred 
to 
the logic block of the specified 
output 
port. 


After the logic manipulation 
is performed, 
the data 
is latched 
and outputed. 
The 
old 
data 
remains 
latched 
until new valid outputs 
are entered. 


Read Mode 


The device has one read mode. The operation 
code 
and port address are latched from the input port 2 on 
the high to low transition 
of the PROG pin. As soon 
as the read operation and port address are decoded, 
the appropriate 
outputs 
are tri-stated, 
and the input 
buffers switched 
on. The read operation 
is termina- 
ted by a low to high transition 
of the PROG pin. The 
port (4, 5, 6 or 7) that was selected is switched tothe 
tri-stated 
mode while port 2 is returned 
to the input 
mode. 


Normally, 
a port will be in an output 
(write mode) or 
input 
(read mode). 
If modes are changed 
during 
operation, 
the first 
read following 
a write should 
be ignored; 
all following 
reads are valid. This is to 
allow the external 
driver on the port to settle after 
the first 
read instruction 
removes 
the low imped- 
ance drive from the 8243 output. 
A read of any port 
will leave that port in a high impedance 
state. 
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'NOTICE: 
Stresses 
above 
those 
listed 
under 
"Absolute 
Maximum 
Ratings" 
may cause permanent 
damage 
to the 
device. 
This is a stress 
rating 
only and functional 
opera- 
tion of the device 
at these or any other 
conditions 
above 
those indicated 
in the operational 
sections 
of this specifi- 
cation 
is not 
implied. 
Exposure 
to absolute 
maximum 
rating 
conditions 
for extended 
periods 
may affect 
device 
reliability. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage 
on Any Pin 
With Respect to Ground 
....•...•..... 
-0.5 V to +7V 
Power Dissipation 
................•........... 
1 Watt 


Symbol 
Test 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


Vil 
Input 
low 
Voltage 
-D.5 
0.8 
V 


VIH 
Input 
High Voltage 
2.0 
VCC+0.5 
V 


VOl1 
Output 
low 
Voltage 
Ports 4-7 
0.45 
V 
IOl 
= 4.5 mA' 


VOl2 
Output 
low 
Voltage 
Port 7 
1 
V 
IOl 
= 20 mA 


VOHl 
Output 
High Voltage 
Ports 4-7 
2.4 
V 
IOH = 240/lA 


Illl 
Input leakage 
Ports 4-7 
-10 
20 
/lA 
Vin = VCC to OV 


IIl2 
Input 
leakage 
Port 2, CS, PROG 
-10 
10 
/lA 
Vin = VCC to OV 


VOl3 
Output 
low 
Voltage 
Port 2 
0.45 
V 
IOl 
= 0.6 mA 


ICC 
VCC Supply 
Current 
10 
20 
mA 
Note 1 


VOH2 
Output 
Voltage 
Port 2 
2.4 
IOH 
= 
100/lA 


IOl 
Sum of all IOl 
from 
16 Outputs 
72 
mA 
4.5 mA Each Pin 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


tA 
Code Valid Before 
PROG 
50 
ns 
80 pF load 


tB 
Code Valid After PROG 
60 
ns 
20 pF load 


tc 
Data Valid Before 
PROG 
200 
ns 
80 pF load 


to 
Data Valid After PROG 
20 
ns 
20 pF load 


tH 
Floating 
After PROG 
0 
150 
ns 
20 pF load 


tK 
PROG Negative 
Pulse Width 
700 
ns 


tCS 
CS Valid Before/After 
PROG 
50 
ns 


tPO 
Ports 4-7 Valid After 
PROG 
700 
ns 
100 pF load 


tlPl 
Ports 4-7 Valid Before/After 
PROG 
100 
ns 


tACC 
Port 2 Valid After 
PROG 
650 
ns 
80 pF load 


2.4-x 
.2.'••> TEST 
POINTS 


0.45----"' 
<::x_ 


A,C. Testing: 
Inputs 
are driven 
a12.4V for a logic ''1'' 
and O.45V for a logic "0", Output 
timing 
measurements 
are made at 2.0V for a logic "1" and O.8V for a logic 
"0" 


PORT 2 
FLOAT 
fLOAT 


PORT 2 
"«;1 
~'X 
OUTPU~ 
VALID 


IpO 


PORTS 
4-7 
PREVIOUS 
OUTPUT 
VALID 
OUTPUT 
VALID 


',p 
',p 


PORTS 
4-7 
INPUTYAlID 


inter 


GUARANTEED 
WORST 
CASE 


CURRENT 
SINKING 
CAPABILITIES 


OF ANY VO PORT 
PIN vs. TOTAL 


SINK 
CURRENT 
OF ALL PINS 


..~ 
a:a: 
:>u 
"z 
;;; 
50 
..•~ 
o.. 


Example: 
This example 
shows how the use of the 20 mA 
sink 
capability 
of 
Port 
7 affects 
the 
sinking 
capability 
of the other I/O lines. 
The 8243 can sink 5 mA@ .45V on each of its 16 I/O 
lines simultaneously. 
If, however, all lines are not 
sinking 
simultaneously 
or all lines are not fully 


loaded, the drive capability 
of any individual 
line 


increases as is shown by the accompanying 
curve. 


An 8243 will 
drive 
the following 
loads simul- 
taneously. 


For example, 
if only 5 of the 16 lines are to sink 
current 
at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ .45V (if 
any lines are to sink 9 mA the total 
10L must not 
exceed 45 mA or five 9 mA loads). 


2 loads-20 
mA@ 
1V (port 7 only) 


8 loads-4 
mA @ .45V 
6 loads-3.2 
mA@ 
.45V 
Is this within 
the specified 
limits? 


Example: 
How many pins can drive 5 TTl 
loads (1.6 mAl 
assuming 
remaining 
pins are unloaded? 


10l = 5 x 1.6 mA = 8 mA 
• 10l 
= 60 mA from curve 
# pins = 60 mA + 8 mAlpin 
= 7.5 = 7 


.10l 
= (2 x 20) + (8 x 4) + (6 x 3.2) = 91.2 mA. 


From the curve: 
for 10l 
= 4 mA, .10l = 93 mA. 


since 
91.2 mA < 93 mA the loads are within 
specified 
limits . 


In this case, 7 lines can sink 8 mA for a total of 
56mA. This leaves 4 mA sink current 
capability 
which 
can be divided 
in any way among 
the 
remaining 
8 I/O lines of the 8243. 


Although 
the 20 mA @ 1V loads are used in 
calculating 
.10l, 
it is the largest 
current 
re- 
quired 
@ .45V which determines 
the maximum 
allowable 
.10l. 


-=- 


I/O 
OS 


P, 
I/O 


PROG 


TEST 
P5 
I/O 
8048 
INPUTS 
8243 


P6 
I/O 


P20·P23 
DATA IN 
P2 
P7 
I/O 


PROG 
~ 
/ 
BITS 
1,0 
~1 
PORT 
:~j 
ADDRESS 
001 READ 
01 
WRITE 


10 
OR 
11 
• 
AND 


P20·P23 
--( 
•• 
oIX.. 
...oI)""---- 


S04SAH/S035AHL/S049AH 
S039AHUS050AH/S040AHL 
HMOS SINGLE-COMPONENT 
S-BIT MICROCOMPUTER 


_ High Performance HMOS II 
- 
Reduced Power Consumption 
_ Interval Timer/Event Counter 
- 
Compatible with 8080/8085 Peripherals 


_ Two Single Level Interrupts 
- 
Easily Expandable Memory and I/O 
_ Single 5-Volt Supply 
- 
Up to 1.36 J.lSecInstruction Cycle 
_ Over 96 Instructions; 90% Single Byte 
All Instructions 1 or 2 cycles 


The Intel MCS8·48 family are totally self-sufficient, 
8-bit parallel computers fabricated on single silicon chips 
using Intel's advanced 
N-channel silicon gate HMOS process. 


The family contains 27 I/O lines, an 8-bit timer/counter, 
and on-board oscillator/clock 
circuits. For systems that 


require extra capability, the family can be expanded using MCS8-80/MCS8-85 
peripherals. 


To minimize development 
problems and provide maximum flexibility, a logically and functionally pin-compatible 


version of the ROM devices with UV-erasable user-programmable 
EPROM program memory is available with 
minor differences. 


These microcomputers 
are designed to be efficient controllers 
as well as arithmetic 
processors. 
They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program 
memory results from an instruction set consisting mostly of single byte instructions 
and no instructions 
over 


2. bytes in length. 


Device 
Internal 
Memory 
RAM Standby 


8050AH 
4K x 8 ROM 
! 
256 x 8 RAM 
yes 


8049AH 
2K x 8 ROM 
I 
128x8RAM 
yes 


8048AH 
1K x 8 ROM 
I 
64 x 8 RAM 
yes 


8040AHL 
none 
I 
256 x 8 RAM 
ves 


8039AHL 
none 
I 
128x8RAM 
yes 


8035AHL 
none 
I 
64 x 8 RAM 
yes 


8048AH 
803SAHL 
8049AH 
8039AHL 
8050AH 
IlO4O,AHL 


TO 
XTAL 1 
XTAL 2 
RESET 
55 
INT 
EA 
AD 
PSEN 


WR 
ALE 
080 
081 
082 
083 
084 
08s 
086 
087 
VSS 


Figure 
1. 
Block Diagram 
Figure 
2. 
Logic Symbol 
Figure 
3. 
Pin Configuration 


inter 
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Pin 
Symbol 
No. 
Function 


VSS 
20 
Circuit 
GNo 
potential 


Voo 
26 
+ 5V during 
normal operation. 


Low power standby 
pin. 


VCC 
40 
Main power supply; + 5V 
during operation. 


PROG 
25 
Output 
strobe for 8243 I/O 
expander. 


P10-P17 
27-34 
8-bit quasi-bidirectional 
port. 


Port 1 


P20-P23 
21-24 
8-bit quasi-bidirectional 
port. 


P24·P27 
35·38 
P20-P23 
contain 
the four high 
Port 2 
order program 
counter 
bits 
during 
an external 
program 
memory 
fetch and serve as a 
4·bit I/O expander 
bus for 
8243. 


oBO-oB7 
12-19 
True bidirectional 
port which 
BUS 
can be written or read 
~chronously 
using the Ro, 
WR strobes. 
The port can also 
be statically 
latched. 


Contains 
the 8 low order 
program 
counter 
bits during an 
external 
program 
memory 
fetch, and receives 
the 
addressed 
instruction 
under the 
control 
of PSEN. Also contains 
the address 
and data during an 
external 
RAM data store 
instruction, 
under control of 
ALE, Ro, and WR. 


TO 
1 
Input pin testable 
using the 
conditional 
transfer 
instructions 
JTO and JNTO. TO can be 
designated 
as a clock output 
using ENTO CLK instruction 


T1 
39 
Input pin testable 
using the 
JT1, and JNT1 instructions. 
Can be designated 
the timer/ 
counter 
input using the STRT 
CNT instruction. 


INT 
6 
Interrupt 
input. Initiates 
an 
interrupt 
if interrupt 
is enabled. 


Interrupt 
is disabled 
after a 
reset. Also testable 
with 
conditional 
jump instruction. 
(Active 
low) interrupt 
must 
remain 
low for at least 3 
maehine 
cycles for proper 
operation. 


Pin 
Symbol 
No. 
Function 


Ro 
8 
Output 
strobe activated 
during 
a BUS read. Can be used to 
enable 
data onto the bus from 
an external 
device. 


Used as a read strobe to 
external 
data memory. 


(Active 
low) 


RESET 
4 
Input which is used to initialize 
the processor. 
(Active 
low) 
(Non TTL VIH) 


Used during 
power down. 


Used during 
ROM verification. 


WR 
10 
Output strobe during a bus 
write. (Active 
low) 


Used as write strobe to 
external 
data memory. 


ALE 
11 
Address 
latch enable. 
This 
signal occurs once during each 
cycle and is useful as a clock 
output. 


The negative 
edge of ALE 
strobes 
address 
into external 
data and program 
memory. 


PSEN 
9 
Program 
store enable. 
This 
output occurs only during a 
fetch to external 
program 
memory. 
(Active 
low) 


SS 
5 
Single step input can be used 
in conjunction 
with ALE to 
"single 
step" the processor 
through 
each instruction. 
(Active 
Low) 


Used in sync mode 


EA 
7 
External 
access 
input which 
forces 
all program 
memory 
fetches 
to reference 
external 
memory. 
Useful for emulation 
and debug. 
(Active 
high) 


Used during 
ROM verification 
(12V) 


XTAL1 
2 
One side of crystal 
input for 
internal 
oscillator. 
Also input for 
external 
source. 
(Non TTL VIH) 


XTAL2 
3 
Other side of crystal 
input. 


S048AH/S03SAHUS049AH 
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Accumulator 


Mnemonic 
OeacrlpUon 
Byte. 
Cycle. 
ADD A, R 
Add register to A 
1 
1 
ADDA,@R 
Add data memory to A 
1 
1 
ADD A, # data 
Add immediate to A 
2 
2 
ADDCA, 
R 
Add register with carry 
1 
1 
ADDCA,@R 
Add data memory 
1 
1 
with carry 
. 


ADDC A, # data 
Add immediate 
2 
2 
with carry 
ANlA, 
R 
And register to A 
1 
1 
ANlA,@R 
And data memory to A 
1 
1 
ANlA, 
# data 
And immediate to A 
2 
2 
ORlA, 
R 
Or register to A 
1 
1 
ORlA@R 
Or data memory to A 
1 
1 
ORlA, 
# data 
Or immediate to A 
2 
2 
XRl 
A, R 
Exclusive or register 
1 
1 
toA 
XRlA,@R 
Exclusive or data 
1 
1 
memory to A 
XRl, A, # data 
Exclusive or 
2 
2 
immediate to A 
INCA 
Increment A 
1 
1 
DECA 
Decrement A 
1 
1 
ClRA 
Clear A 
1 
1 
CPlA 
Complement 
A 
1 
1 
DAA 
Decimal adjust A 
1 
1 
SWAP A 
Swap nibbles 01 A 
1 
1 
RlA 
Rotate A left 
1 
1 
RlCA 
Rotate A left 
1 
1 
through 
carry 
RR A 
Rotate A right 
1 
1 
RRCA 
Rotate A right 
1 
1 
through carry 


Input/Output 


Mnemonic 
Oeacrlptlon 
Byte. 
Cyclel 


INA, 
P 
Input port to A 
1 
2 
OUTlP,A 
Output A to port 
1 
2 
ANl 
P, # data 
And immediate to port 
2 
2 
ORl 
P,#data 
Or immediate to port 
2 
2 
INS A, BUS 
Input BUS to A 
1 
2 
OUTl 
BUS,A 
Output A to BUS 
1 
2 
ANl 
BUS, # data And immediate to BUS 
2 
2 
ORl 
BUS, # data Or immediate to BUS 
2 
2 
MOVDA, 
P 
Input expander port 
1 
2 
toA 
MOVDP, 
A 
Output A to expander 
1 
2 
port 
ANlD 
P, A 
And A to expander port 
1 
2 
ORlDP,A 
Or A to expand~r port 
1 
2 


Mnemonic 
INCR 
INC@R 
DECR 


OeacrlpUon 
Increment 
register 
Increment data memory 
Decrement 
register 


Byt•• 
1 
1 
1 


Cyc'" 
1 
1 
1 


Branch 


Mnemonic 
OeacrlpUon 
Bytn 
Cyc'" 
JMP addr 
Jump unconditional 
2 
2 
JMPP@A 
Jump indirect 
1 
2 
DJNZ R, addr 
Decrement 
register 
2 
2 
and skip 
JC addr 
Jump on carry = 1 
2 
2 
JNCaddr 
Jump on carry = 0 
2 
2 
JZ addr 
Jump on A zero 
2 
2 
JNZ addr 
Jump on A not zero 
2 
2 
JTO addr 
Jump on TO = 1 
2 
2 
JNTO addr 
Jump on TO = 0 
2 
2 
JTl addr 
Jump on Tl = 1 
2 
2 
JNTl 
addr 
Jump on Tl = 0 
2 
2 
JFO addr 
Jump on FO= 1 
2 
2 
JFl addr 
Jump on Fl = 1 
2 
2 
JTF addr 
Jump on timer flag 
2 
2 
JNI addr 
Jump on INT = 0 
2 
2 
JBb addr 
Jump on accumulator 
2 
2 
bit 


Subroutine 


Mnemonic 
Oeacrlptlon 
Byt•• 
Cyclea 
CAlladdr 
Jump to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return and restore 
1 
2 
status 


Flag. 


Mnemonic 
OeacrlpUon 
Bytel 
Cyc'" 
ClRC 
Clear carry 
1 
1 
CPlC 
Complement 
carry 
1 
1 
ClR 
FO 
Clear Ilag 0 
1 
1 
CPl 
FO 
Complement 
lIag 0 
1 
1 
ClR 
Fl 
Clear lIag 1 
1 
1 
CPlFl 
Complement 
Ilag 1 
1 
1 


Data Mov •• 
TImer/Counter 


Mnemonic 
Description 
Bytes 
Cyctn 
Mnemonic 
Description 
Bytes 
Cycles 


MOVA, 
R 
Move register to A 
1 
1 
MOVA, 
T 
Read timer/counter 
1 
1 


MOVA,@R 
Move data memory 
1 
1 
MOVT,A 
load 
timer/counter 
1 
1 


toA 
STRTT 
Start timer 
1 
1 
MOVA,lIdata 
Move immediate 
to A 
2 
2 
STRTCNT 
Start timer 
1 
1 


MOV R,A 
Move A to register 
1 
1 
STOP TCNT 
Stop timer/counter 
1 
1 
MOV@R,A 
Move A to data 
1 
1 
EN TCNTI 
Enable timer/counter 
1 
1 
memory 
interrupt 
MOV R, II data 
Move immediate 
2 
2 
DIS TCNTI 
Disable timer/counter 
to register 
interrupt 
MOV @R, II data 
Move immediate 
to 
2 
2 
data memory 
MOVA,PSW 
Move PSW to A 
Control 
MOVPSW,A 
Move A to PSW 
XCHA, 
R 
Exchange 
A and 
Mnemonic 
Description 
Bytes 
Cycles 


register 
EN I 
Enable external 
1 
1 
XCHA,@R 
Exchange 
A and 
interrupt 
data memory 
DISI 
Disable external 
XCHDA,@R 
Exchange 
nibble of A 
interrupt 
and register 
SElRBO 
Select register 
bank 0 
MOVXA,@R 
Move external 
data 
2 
SEl 
RBl 
Select register 
bank 1 


memory 
to A 
SEl 
MBO 
Select memory 
bank 0 
MOVX@R,A 
Move A to external 
2 
SEl 
MBl 
Select memory 
bank 1 
data memory 
ENTO ClK 
Enable clock 
output 
MOVPA,@A 
Move to A from 
2 
on TO 
current 
page 
MOVP3A,@ 
Move to A from page 3 
2 


Mnemonic 
Description 
Bytes 
Cye'" 
NOP 
No operation 
1 
1 
IDl 
Select Idle Operation 
1 
1 


8048AH/8035AHU8049AH 
8039AHU8050AH/8040AHL 


'NO TlCE: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent 
dam- 


age to the device. 
This is a stress rating 
only and 
functional 
operation 
of device at these or any other 
conditions 
above those indicated 
in the operational 
sections 
of this specification 
is not implied. 


Ambient 
Temperature 
Under Bias ... 
0 
0 C to 70 


0 C 


Storage Temperature 
-65°C 
to +150°C 


Voltage On Any Pin With Respect 


to Ground 
-0.5V to +7V 


Power Dissipation 
1.5 Watt 


Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


VIL 
Input Low Voltage (All 
Except RESET, X1, X2) 
-.5 
.8 
V 
All 


VIL1 
Inp~ 
Low Voltage 
(RE 
ET, X1, X2) 
-5 
.6 
V 
All 


VIH 
Input High Voltage 
(All Except XTAL 1, 
XTAL2, RESET) 
2.0 
VCC 
V 
All 


VIH1 
Input High Voltage 
(X1, X2. RESET) 
3.8 
VCC 
V 
All 


VOL 
Output 
Low Voltage 
(BUS) 
.45 
V 
10L = 2.0 mA 
All 


VOL1 
Output 
Low Voltage 
(RD, WR, PSEN, ALE) 
.45 
V 
IOL = 1.8 mA 
All 


VOL2 
Output 
Low Voltage 
(PROG) 
.45 
V 
10L = 1.0 mA 
All 


VOL3 
Output 
Low Voltage 
(All Other Outputs) 
.45 
V 
IOL = 1.6 mA 
All 


VOH 
Output 
High Voltage 
(BUS) 
2.4 
V 
IOH = -400 IJA 
All 


VOH1 
Output 
High Voltage 
(RD, WR. PSEN, ALE) 
2.4 
V 
10H = -100 IJA 
All 


VOH2 
Output 
High Voltage 
(All Other Outputs) 
2.4 
V 
10H = -4OIJA 
All 


inter 
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Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


1L1 
Leakage 
Current 
(T1, INT) 
±10 
}LA 
VSS",VIN"'VCC 
All 


IU1 
Input Leakage 
Current 
(P10·P17, 
P20·P27, 
EA, SS) 
-500 
}LA 
VSS + .45"'VIN"'VCC 
All 


IU2 
Input Leakage 
Current 
RESET 
20 
300 
}LA 
VSS"'VIN"'3.8V 
All 


ILO 
Leakage 
Current 
. 


(BUS, TO) (High 
Impedance 
State 
±10 
}LA 
VSS",VIN"'VCC 
J 
All 


100 
VOO Supply 
Current 
3 
5 
mA 
8048AH 
(RAM Standby) 
8035AHL 


4 
7 
mA 
. 


8049AH 
8039AHL 


5 
10 
mA 
8050AH 
8040AHL 


100+ 
Total Supply 
Current* 
30 
65 
mA 
8048AH 


ICC 
8035AHL 


35 
70 
mA 
8049AH 
8039AHL 


40 
80 
mA 
8050AH 
8040AHL 


VOO 
RAM St,andby Voltage 
2.2 
5.5 
V 
Standby 
Mode Reset 
All 


",VIL1 


*ICC + 100 is measured 
with all outputs 
disconnected; 
SS, RESET, 
and INT equal to VCC; EA equal to 


VSS' 


f (t) 
11 MHz 
Conditions 
Symbol 
Parameter 
(Note 3) 
Mln 
Max 
Unit 
(Note 1) 


t 
Clock Period 
1/xtalfreq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(~!ote 2) 


tLA 
Addr Hold from ALE 
t-40 
50 
ns 


tCC1 
Control 
Pulse Width (RD, WR) 
7.5t-200 
480 
ns 


tCC2 
Control 
Pulse Width (PSEN) 
6t-200 
350 
ns 


tow 
Data Setup before WR 
6.5t-200 
390 
ns 


two 
Data Hold after WR 
t-50 
40 
ns 


tOR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tRD1 
RD to Data in 
6t-170 
375 
ns 


tRD2 
PSEN to Data in 
4.5t-170 
240 
ns 


tAW 
Addr Setup to WR 
5t-150 
300 
ns 


tAD1 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tAD2 
Addr Setup to Data (PSEN) 
7.5t-200 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control 
(RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control 
(PSEN) 
1.5t-75 
60 
ns 


tCA1 
Control 
to ALE (RD, WR, PROG) 
1-65 
25 
ns 


tCA2 
Control 
to ALE (PSEN) 
41-70 
290 
ns 


tcp 
Port Control 
Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


top 
Output 
Data Setup 
6t-290 
250 
ns 


tPD 
Output 
Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
700 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
.5t-30 
15 
ns 
- 


tpv 
Port Output 
from ALE 
4.5t+100 
5~0 
ns 


tOPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
15t 
1.36 
15.0 
Jls 


Notes: 


1. Control Outputs CL = 80pF 
BUS Outputs CL = 150pF 
2. BUS High Impedance 
Load 20pF 
3. I(t) assumes 50% duty cycle on Xl, X2. Max 


clock period is lor a 1 MHz crystal input. 


I- 
tCY 
"I 
I-tLL 
-ItLAFC2!-- 


J 
_I_I 
__ 
I-L 


tAFd2 
1- tCC2 --l 
~ tCA2 


--J tLAFClr- 


1 
_ 


tCAl I-- 


2.4V 
----_ 
~---- 
_ 


O.45V 
X~:~;TEST 
POINTS::~:~X 
_ 


A.C. testing inputs are driven at2.4V for a logic "1" and 
0.45V for a logic "0." Output timing 
measurements 
are 
made at 2.0V for a logic "1" and 0.8V for a logic "0." 


~tPv1 


1 
1 
I 
I 


I 
1 
itPL--1 


I 
1 
I 
I 
I 
I 
PCH 


I 
P24-27 
Pl0-17 
OUTPUT 


tLP 


EXPANDER 
PORT 


EXPANDER 
PORT 


INPUT 
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C1sf 


1-11 
MHz 
-= 
C1 = C2 = 33pF ± 5% c::=J 


C3 


C1 = 5pF ± 1/2pF 
• (STRAY < 5pF) 
C2 = (CRYSTAL 
+ STRAY) < 8pF 
C3 = 20pF ± 1pF + (STRAY < 5pF) 


Crystal series resistance 
should 
be less than 300 at 11 MHz; 


less than 750 at 6 MHz; less than 1800 at 3.6 MHz. 


TTLOPEN 
COLLECTOR 
GATES 


For XTAL 1 and XTAL2 define "high" 
as voltages above 1.6V 
and "low" 
as voltages 
below 1.6V. The duty cycle 
require- 
ments for externally 
driving 
XTAL 1 and XTAL2 using the 


circuit shown above are as follows: 
XTAL 1 must be high 35- 
65% of the period 
and XTAL2 must be high 36-65% 
of the 
period. 
Rise and fall times must be faster than 20 nS. 


S048AH/S035AHUS049AH 
S039AHUS050AH/S040AHL 


! (OUTPUT) 
, 
i, 
' 


: (INPUT) 
: 


I 
' 
I 
' 
I 
' 


I 
: 


OB---~ 
•.._A_O_O_R_E_SS_~H-R-O-M-O-A-TA-H---AO-O-R-E-S-S--~ 
•.. 
_ 
(INPUT) 
(OUTPUT) : 
(INPUT) 
(OUTPUT): 
----1,- 
I 
RESET 
~ 
•.., -------- 
: (INPUT) 
, 
, 
' 


I 
' 
P2G-P23 
-_-_-_-_-_-_-_-_A=O=O=R=E=S=S========H=======A=O=O=R=ES=S======:,--_------- 
I (INPUT) 
I 


ALE 
(NOTE1) 


+12V I 
EA----' 


8748H/8035H/87 49H/8039H 
HMOS-E SINGLE-COMPONENT 
8-BIT MICROCOMPUTER 


• 
High Performance HMOS-E 
• Interval Timer/Event Counter 
• Two Single Level Interrupts 
• Single 5-Volt Supply 
• Over 96 Instructions; 
90% Single Byte 


• Compatible with 8080/8085 
Peripherals 


• Easily Expandable Memory and I/O 


• Up to 1.35 pSec Instruction 
Cycle 
All Instructions 
1 or 2 cycles 


The Intel 8749H/8039H/8748H/8035H 
are totally 
self-sufficient, 
8-bit parallel 
computers 
fabricated 
on single 


silicon chips using Intel's advanced 
N-channel 
silicon gate HMOS-E 
process. 


The family contains 
27 I/O lines, an 8-bit timer/counter, 
on-chip 
RAM and on-board 
oscillator/clock 
circuits. 
For 


systems 
that require 
extra capability, 
the family can be expanded 
using MCS~-80/MCS~-85 
peripherals. 


These 
microcomputers 
are designed 
to be efficient 
controllers 
as well as arithmetic 
processors. 
They 
have 


extensive 
bit handling 
capability 
as well as facilities for both binary and BCD arithmetic. 
Efficient use of program 


memory 
results from an instruction 
set consisting 
mostly of single byte instructions 
and no instructions 
over 2 


bytes in length. 


Device 
Internal 
Memory 


8039H 
none 
128x8RAM 


8035H 
none 
64x8RAM 


8749H 
2Kx 
8 EPROM 
128x8RAM 


8748H 
1K x 8 EPROM 
64 x 8 RAM 


8748H 


8035H 


8749H 


8039H 


RESET 


SINGLE 
STEP 


EXTERNAL 
MEM 


TEST { 


TO 
XTAL 1 
XTAL 2 


RESET 
55 
INT 
EA 
R5 
PSEN 
WR 
ALE 
DBa 
DB1 
DB2 
DB3 
DB4 
DBS 
DB6 
DB] 


VSS 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


PORT 
EXPANDER 
STROBE 


Figure 
1. 


Block 
Diagram 
Figure 
2. 
Logic 
Symbol 
Figure 
3. 


Pin Configuration 


Pin 
Symbol 
No. 
Function 
Device 


VSS 
20 
Circuit GNO 
All 
potential 


VOO 
26 
+5V during 
All 
normal operation. 


Programming 
8748H 
power supply 
8749H 
(+21V). 


VCC 
40 
Main power 
All 
supply; +5V dur- 
ing operation 
and 
programming. 


PROG 
25 
Output strobe 
All 
for 8243 
I/O expander. 


Program pulse 
8748H 
(+18V) input pin 
8749H 
during 
(See Note) 
programming. 


P10-P17 27-34 
8-bit quasi- 
All 
Port 1 
bidirectional 
port. 


P20-P23 21-24 
8-bit quasi- 
All 
P24-P27 35-38 
bidirectional 
port. 


Port 2 
P20-P23 contain 
the four high 
order program 
counter bits dur- 
ing an external 
program 
memory 
fetch and serve 
as a 4-bit I/O 
expander bus 
for 8243. 


OBO- 
12-19 
True bidirectional 
All 
OB7 
port which can be 
BUS 
written or read 
synch ronously 
using the RO, WR 
strobes. The port 
can also be 
statically 
latched. 


Pin 
Symbol 
No. 
Function 
Device 


(Con't) 
Contains the 8 
low order pro- 
gram counter 
bits 
during an external 
program memory 
fetch, and 
receives the 
addressed in- 
struction 
under 
the control 
of 
PSEN. Also con- 
tains the address 
and data during 
an external RAM 
data store in- 
struction, 
under 
control 
of ALE. 


RO, and WR. 


TO 
1 
Input pin testable 
All 
using the con- 
ditional transfer 
instructions 
JTO 
and "JNTO.TO can 
be designated 
as 
a clock output 
using ENTO CLK 
instruction 


Used during 
8748H 
programming. 
8749H 


T1 
39 
Input pin testable 
All 
using the JT1, 
and JNT1 instruc- 
tions. Can be des- 
ignated the timer/ 
counter 
input 
using the STRT 
CNT instruction. 


INT 
6 
Interrupt 
input. 
All 
Initiates an inter- 
rupt if interrupt 
is 
enabled. Interrupt 
is disabled after a 
reset. Also testable 
with conditional 
jump instruction. 
(Active low) inter- 
rupt must remain 
low for at least 3 
machine cycles 
for proper 
operation. 


inter 


Pin 
Symbol 
No. 
Function 
Device 


RD 
8 
Output 
strobe 
All 
activated 
during 
a BUS read. Can 
be used to enable 
data onto the bus 
from an external 
device. 


Used as a read 
strobe to external 
data memory. 
- 


(Active low) 


RESET 
4 
Input which is 
All 
used to initialize 
the processor. 
(Active low) 
(Non TTL VIH) 


Used during 
8748H 
programming. 
8749H 


WR 
10 
Output 
strobe 
All 
during 
a bus 
write. (Active low) 


Used as write 
strobe to external 
data memory. 


ALE 
11 
Address 
latch 
All 
enable. This sig- 
nal occurs once 
during each cycle 
and is useful as 
a clock output. 


The negative edge 
of ALE strobes 
address into 
external 
data and 
program 
memory. 


Pin 
Symbol 
No. 
Function 
Device 


PSEN 
9 
Program store 
ALL 
enable. This out- 
put occurs only 
t, 


during 
a fetch to 
external 
pro- 
gram memory. 
(Active low) 


SS 
5 
Single step input 
All 


can be used in 
conjunction 
with 
ALE to "single 
step" the proces- 
sor through 
each 
instruction. 


EA 
7 
External access 
All 
input which 
forces all pro- 
gram memory 
fetches to refer- 
ence external 
memory. Useful 
for emulation 
and debug. 
(Active high) 


Used during 
8748H 
(18V) 
8749H 
programming 


XTAL 1 
2 
One side of 
Ali 
crystal input for 
internal 
oscillator. 


Also input for 
external 
source. 
(Non TTL VIH) 


XTA'L2 
3 
Other side of 
All 
crystal input. 


NOTE: 
On the 8749H/8039H, PROG must be clamped to 
VCC when not programming.A diode should be used when 
usingan 8243;otherwise,a directconnectionis permissible. 


inter 


Accumulator 


Mnemonic 
Description 
Bytes 
Cycles 
ADDA, 
R 
Add register 
to A 
1 
1 
ADDA,@R 
Add data memory 
to A 
1 
1 
ADD 
A, # data 
Add immediate 
to A 
2 
2 
ADDC 
A, R 
Add register 
with carry 
1 
1 
ADDCA,@R 
AJd data memory 
1 
1 
with carry 
ADDC 
A, # data 
Add immediate 
2 
2 
with carry 
ANlA, 
R 
And register 
to A 
1 
1 


ANlA,@R 
And data memory 
to A 
1 
1 
ANl 
A, # data 
And immediate 
to A 
2 
2 
ORl 
A, R 
Or register 
to A 
1 
1 
ORlA@R 
Or data memory 
to A 
1 
1 
ORl 
A, # data 
Or immediate 
to A 
2 
2 
XRl 
A, R 
Exclusive 
or register 
1 
1 
toA 
XRl 
A,@R 
Exclusive 
or data 
1 
1 
memory 
to A 
XRl, 
A, # data 
EXClusive or 
2 
2 


immediate 
to A 
INCA 
Increment 
A 
1 
1 
DECA 
Decrement 
A 
1 
1 
ClRA 
Clear 
A 
1 
1 
CPl 
A 
Complement 
A 
1 
1 
DAA 
Decimal 
adjust 
A 
1 
1 
SWAP A 
Swap nibbles 
of A 
1 
1 
RlA 
Rotate 
A left 
1 
1 
RlCA 
Rotate 
A left 
1 
1 
through 
carry 
RRA 
Rotate 
A right 
1 
1 
RRCA 
Rotate 
A right 
1 
1 
through 
carry 


InpuVOutput 


Mnemonic 
Description 
Bytes 
Cycles 
INA,P 
Input 
port to A 
1 
2 
OUTl 
P, A 
Output 
A to port 
1 
2 
ANl 
P, # data 
And immediate 
to port 
2 
2 
ORl 
P, # data 
Or immediate 
to port 
2 
2 


INS A, BUS 
Input 
BUS to A 
1 
2 
OUTl 
BUS, A 
Output 
A to BUS 
1 
2 
ANl 
BUS, # data And immediate 
to BUS 
2 
2 
ORl 
BUS, # data Or immediate 
to BUS 
2 
2 
MOVD 
A, P 
Input 
expander 
port 
1 
2 
toA 
MOVD 
P, A 
Output 
A to expander 
1 
2 
port 
ANlD 
P, A 
And A to expander 
port 
1 
2 
ORlD 
P, A 
Or A to expander 
port 
1 
2 


Mnemonic 
INCR 
INC@R 


DECR 


Bytes 


1 
1 
1 


Cycles 
1 
1 


1 


Description 
Increment 
register 
Increment 
data memory 


Decrement 
register 


Branch 


Mnemonic 
Descrlpllon 
Bytes 
Cycles 
JMP addr 
Jump 
unconditional 
2 
2 
JMPP@A 
Jump 
indirect 
1 
2 
DJNZ 
R, addr 
Decrement 
register 
2 
2 


and skip 
JC addr 
Jump 
on carry = 1 
2 
2 
JNC addr 
Jump 
on carry = 0 
2 
2 
JZaddr 
Jump 
on A zero 
2 
2 
JNZaddr 
Jump 
on A not zero 
2 
2 
JTO addr 
Jump 
on TO = 1 
2 
2 
JNTO addr 
Jump 
on TO = 0 
2 
2 
JT1 addr 
Jump 
on T1 = 1 
2 
2 
JNT1 
addr 
Jump 
on T1 = 0 
2 
2 
JFO addr 
Jump 
on FO = 1 
2 
2 
JF1 addr 
Jump 
on F1 = 1 
2 
2 
JTF addr 
Jump 
on timer 
flag 
2 
2 
JNI addr 
Jump 
on INT = 0 
2 
2 
JBb addr 
Jump 
on accumulator 
2 
2 
bit 


Subroutine 


Mnemonic 
Description 
Bytes 
Cycles 
CAll 
addr 
Jump 
to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return 
and restore 
1 
2 
status 


Flags 


Mnemonic 
Description 
Bytes 
Cycles 
ClR 
C 
Clear 
carry 
1 
1 
CPlC 
Complement 
carry 
1 
1 
ClR 
FO 
Clear 
flag 0 
1 
1 
CPl 
FO 
Complement 
flag 0 
1 
1 


ClR 
F1 
Clear flag 1 
1 
1 
CPl 
F1 
Complement 
flag 
1 
1 
1 


inter 
8748H/8035H/8749H/8039H 
\Pl1Rl~1L~ IM1l~[f\IJffi\IRlW 


Table 2. Instruction Set (Continued) 


Oet. 
Mov •• 
Timer/Counter 


Mnemonic 
DelCrlptlon 
Bytes 
Cycl •• 
Mnemonic 
DelCriptlon 
Bytes 
Cycl •• 


MOVA,R 
Move register 
to A 
1 
1 
MOVA, 
T 
Read timer/counter 
1 
1 


MOVA,@R 
Move data memory 
1 
1 
MOVT,A 
Load timer/counter 
1 
1 
toA 
STRTT 
Start timer 
1 
1 


MOVA,#data 
Move immediate 
to A 
2 
2 
STRTCNT 
Start counter 
1 
1 
MOVR,A 
Move A to register 
1 
1 
STOP TCNT 
Stop timer/counter 
1 
1 
MOV@R,A 
Move A to data 
1 
1 
EN TCNTI 
Enable timer/counter 
1 
1 
memory 
interrupt 
MOV R,#data 
Move immediate 
2 
2 
DISTCNTI 
Disable timer/counter 
to register 
interrupt 


MOV @R, # data 
Move immediate 
to 
2 
2 
data memory 


MOVA, 
PSW 
Move PSWtoA 
Control 
MOVPSW,A 
Move A to PSW 


XCHA, 
R 
Exchange 
A and 
Mnemonic 
DelCriptlon 
Bytes 
Cycles 
register 
EN I 
Enable external 
1 
1 
XCHA,@R 
Exchange 
A and 
interrupt 
data memory 
DISI 
Disable external 


XCHDA,@R 
Exchange 
nibble 
of A 
interrupt 
and register 
SEL RBO 
Select register 
bank 0 


MOVXA,@R 
Move external 
data 
2 
SEL RB1 
Select register 
bank 1 
memory 
toA 


MOVX@R,A 
Move A to external 
2 
SEL MBO 
Select memory 
bank 0 


data memory 
SEL MB1 
Select memory 
bank 1 


MOVPA,@A 
Move to A from 
2 
ENTO CLK 
Enable clock 
output 
current 
page 
on TO 


MOVP3A,@A 
Move to A from page 3 
2 


Mnemonic 
DelCriptlon 
Bytes 
Cycles 
NOP 
No operation 
1 
1 


Ambient 
Temperature 
Under 
Bias 
..• 
O°C to 70°C 
Storage 
Temperature 
-65°C 
to +150°C 
Voltage 
On Any Pin With Respect 


to Ground 
-0.5V to +7V 
Power 
Dissipation 
..•................. 
1.0 Watt 


lute Maximum 
Ratings" 
may cause permanent 
dam- 


age to the device. 
This is a stress 
rating 
only 
and 
functional 
operation 
of device at these or any other 


conditions 
above those indicated 
in the operational 


sections 
of this specification 
is not implied. 


Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


VIL 
Input 
Low Voltage 
(All 
Except 
RESET, X1, X2) 
-.5 
.8 
V 
- 
All 


V,L 1 
Input 
Low Voltage 
(RESET, X1, X2) 
-.5 
.6 
V 
All 


V,H 
Input 
High Voltage 
, 


(All Except 
XTAL 1, 


XTAL2, RESET) 
2.0 
VCC 
V 
All 


VIH1 
Input 
High Voltage 
(X1, X2, RESET) 
3.8 
VCC 
V 
All 


VOL 
Output 
Low Voltage 
(BUS) 
.45 
V 
10L = 2.0 mA 
All 


VOL1 
Output 
Low Voltage 
(RD, WR, PSEN, ALE) 
.45 
V 
IOL=1.8mA 
All 


VOL2 
Output 
Low Voltage 
(pROG) 
.45 
V 
'OL = 1.0 mA 
All 


VOL3 
Output 
Low Voltage 


(All O~her Outputs) 
.45 
V 
10L = 1.6 mA 
All 


VOH 
Output 
High Voltage 
(BUS) 
2.4 
V 
10H = -400 IJ.A 
All 


VOH1 
Output 
High Voltage 


(RD, WR, PSEN, ALE) 
2.4 
V 
10H = -100 IJ.A 
All 


VOH2 
Output 
High Voltage 
(All Other 
Outputs) 
2.4 
V 
10H = -40 IJ.A 
All 


Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
Device 


IU 
Leakage 
Current 
(T1, INT) 
±10 
pA 
VSS,,;;;VIN";;;VCC 
All 


IU1 
Input Leakage 
Current 
(P10-P17, 
P20-P27, 
EA, SS) 
-500 
pA 
VSS + .45,,;;;VIN";;;VCC 
All 


IU2 
Input Leakage 
Current 
RESET 
-10 
-300 
pA 
VSS,,;;;VIN,,;;;3.8V 
All 


ILO 
Leakage 
Current 
(BUS. TO) (High 
Impedance 
State) 
±10 
pA 
VSS,,;;;VIN";;;VCC 
All 


'DO + 
Total Supply 
Current" 
80 
100 
mA 
8035H 


ICC 


95 
110 
mA 
8039H 


80 
100 
mA 
8748H 


95 
110 
mA 
8749H 


inter 


f(t) 
11 MHz 
Conditions 
Symbol 
Parameter 
(Note 3) 
Min 
Max 
Unit 
(Note 1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(Note 2) 


tLA 
Addr Hold from ALE 
t-40 
50 
ns 


tCC1 
Control 
Pulse Width (RD, WR) 
7.5t-200 
480 
ns 


tCC2 
Control 
Pulse Width (PSEN) 
6t-200 
350 
ns 


tDW 
Data Setup before WR 
6.5t-200 
390 
ns 


tWD 
Data Hold after WR 
t-50 
40 
ns 


tDR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tRD1 
RD to Data in 
6t-170 
375 
ns 


tRD2 
PSEN to Data in 
4.5t-170 
240 
ns 


tAW 
Addr Setup to WR 
5t-150 
300 
ns 


tAD1 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tAD2 
Addr Setup to Data (PSEN) 
7.5t-200 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control 
(RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control 
(PSEN) 
1.5t-75 
60 
ns 


tCA1 
Control 
to ALE (RD, WR, PROG) 
t-65 
25 
ns 


tCA2 
Control 
to ALE (PSEN) 
4t-70 
290 
ns 


tcp 
Port Control 
Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


tDP 
Output 
Data Setup 
6t-290 
250 
ns 


tPD 
Output 
Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
105t-250 
700 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
.51-30 
15 
ns 


tpv 
Port Output from ALE 
4.5t+100 
510 
ns 


tOPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
15t 
1.36 
15.0 
JlS 


1. Control 
OUlputs CL = 80pF 


BUS Out puIs CL = 150pF 


2. BUS High Impedance 


Load 20pF 
3. f(I} assumes 50% duty cycle on Xl, X2. Max 
clock 
period is for a 1 MHz cryslal 
input. 


inter 


"I 
--1tLAFC1 r- 


ALE 
I 
L 
ALE J 
I 


!-tCA2 
tCA11~ 


RD 
PSEN 


2.4V 
----- 
~------~ 
~- 
__ 
X2.0, 
TEST POINTS ••2.0V 
O.45V----- 
.. o.a; 
~ 
_ 


ADDRESS 


BUS FLOATING 
C 


FLOATING 
tAW--1 


Write To External 
Data Memory 


A.C testing inputs are dnven at2 4V for a logiC "1" and 
0.45V for a logic "0." Output 
timing 
measurements 
are 
made at2.0V 
for a logiC "" 
and O.8V for a logiC '0" 


2ND 


CYCLE I--tpv1 


I 
I 
II 


I 
I 
,!-ILP 
I 
I 


P9RT 20 <3 DATA 
=X~N-E-'W-P-20-<-3~~ 
k 


I 
I 
I 


I 
PORT 24-27, PORT 10-17 DATA 
I 


I 
I 


~tAL+-tLA-r-tPL~ 


I 
PORT 20-23 DATAl 
I PORT CONTROL 


I 


I 
I 
I 


P24-27 
P10-17 
OUTPUT 


---1 
!-tCA1 


ItPD 
,top 
T -I 


OUTPUT DATAI 


; 
I 
A 


tLP 


EXPANDER 
PORT 


OUTPUT 


EXPANDER 
PORT 


INPUT 


!-tcp+tPC-j 
I 


I r---tpp 
o,lr-- 
--------~\_I 
'j 


inter 


C1 


~ 
~oofo, 
-b L 
I 


C3 


C1 = 5pF ± 1/2pF + (STRAY < 5pF) 
C2 = (CRYSTAL + STRAY) < 8pF 
C3 = 20pF ± 1pF + (STRAY < 5pF) 


Crystal 
series resistance 
should 
be lessl than 30n 
at 11 MHz; 


less than 75n atl6 
MHz; less than 
180n at 3.6 MHz. 


C1 


~ 


l 
1-11 
MHz 
=- 
C1 = C2 = 33pF ± 5% c:::::::J 


C3 


TTLOPEN 
COLLECTOR 
GATES 


For XTAL 1 and XTAL2 define"high" 
as voltages 
above 1.6V 
and "low" 
as voltages 
below 
1.6V. The duty cycle 
require- 


ments 
for externally 
driving 
XTAL1 
and XTAL2 
using 
the 


PROGRAMMING, 
VERIFYING, 
AND 
ERASING 
THE 8749H (8748H) EPROM 


Programming 
Verification 


In brief, the programming 
process consists of: acti- 
vating 
the program 
mode, applying 
an address, 


latching the address, applying data, and applying a 
programming 
pulse. 
Each word 
is programmed 
completely 
before moving 
on to the next and is 
followed 
by a verification 
step. The following 
is a 
list of the pins used for programming 
and a descrip- 
tion of their functions: 


Pin 
Function 


XTAL1 
Clock 
Input (3 to 4.0 MHz) 
XTAL2 
Reset 
Initialization 
and Address 
Latching 
Test 0 
Selection 
of Program 
or Verify 
Mode 
EA 
Activation 
of ProgramNerify 
Modes 
BUS 
Address 
and Data Input 
Data Output 
During 
Verify 
P2O·P22 
Address 
Input 


VDD 
Programming 
Power 
Supply 
PROG 
Program 
Pulse 
Input 


XTAL2 
3 


circuit 
shown 
above are as follows: 
XTAL 1 must be high 35- 


65% of the period 
and XTAL2 
must 
be high 
36-65% 
of the 
period. 
Rise and fall times 
must be faster 
than 
20 nS. 


WARNING: 
An attempt 
to program 
a missocketed 
8749H 
(8748H) 
will 


result 
in severe 
damage 
to the 
part. 
An 
indication 
of a 


properly 
socketed 
part is the appearance 
of the ALE clock 


output. 
The lack of this clock 
may be used to disable 
the 


programmer. 


The ProgramlVerify 
sequence 
is: 


1. VOO = 5V. Clock 
applied 
or internal 
oscillator 
operat- 


ing. RESET 
= OV, TEST 
0 = 5V. EA = 5V, BUS and 
PROG 
floating. 
P10 and P11 must 
be tied 
to ground. 


2. Insert 
8749H 
(8748H) 
in programming 
socket. 


3. TEST 
0 = OV (select 
program 
mode) 


4. EA = 18V (activate 
program 
mode) 


5. Address 
applied 
to BUS and 
P20-22 


6. RESET 
= 5V (latch 
address) 


7. Oata applied 
to BUS 


8. VOD 
= 21V (programming 
power) 


9. PROG 
= VCC or float 
followed 
by one 50ms pulse 


to 18V 


10. VOO = 5V 


11. TEST 
0 = 5V (verify 
mode) 


12. Read and verify 
data on BUS 


13. TEST 
0 = OV 


14. RESET 
= OV and 
repeat 
from 
step 
5 


15. Programmer 
should 
be at conditions 
of step 
1 when 


8749H 
(8748H) 
is removed 
from 
socket. 


inter 


A.C. TIMING 
SPECIFICATION 
FOR PROGRAMMING 
8748H/8749H 
ONLY: 
(TA = 25°C ± 5°C; 
VCC 
= 5V ± 5%; VDD 
= 21 ± .5V) 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tAW 
Address 
Setup Time to RESETr 
4tCY 


tWA 
Address 
Hold Time After 
RESETr 
4tCY 


tDW 
Data in Setup Time to PROGt 
4tCY 


tWD 
Data in Hold Time After 
PROGI 
4tCY 


tPH 
RESET Hold Time to Verify 
4tCY 


tVDDW 
VDD Hold Time Before 
PROGt 
0 
1.0 
ms 


tVDDH 
VDD Hold Time After 
PROGI 
0 
1.0 
ms 


tpw 
Program 
Pulse Width 
50 
60 
ms 


tTW 
Test 0 Setup Time for Program 
Mode 
4tCY 


tWT 
Test 0 Hold Time After 
Program 
Mode 
4tCY 


tDO 
Test 0 to Data Out Delay 
4tCY 


tww 
~ 
Pulse Width 
to Latch Address 
4tCY 


tr• tf 
VDD and PROG Rise and Fall Times 
0.5 
100 
J1.S 


tCY 
CPU Operation 
Cycle Time 
3.75 
5 
J1.S 


tRE 
RESET Setup Time before 
EAr 
4tCY 


D.C. TIMING 
SPECIFICATION 
FOR PROGRAMMING 
8748H/8749H 
ONLY: 


(TA = 25°C ± 5°C; 
VCC = 5V ± 5%; VDD 
= 21 ± .5V) 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VDDH 
VDD Program 
Voltage 
High 
Level 
20.5 
21.5 
V 


VDDL 
VDD Voltage 
Low Level 
4.75 
5.25 
V 


VPH 
PROG Program 
Voltage 
High Level 
17.5 
18.5 
V 


VPL 
PROG Voltage 
Low Level 
4.0 
VCC 
V 


VEAH 
EA Program 
or Verify Voltage 
High Level 
17.5 
18.5 
V 


IDD 
VDD High Voltage 
Supply 
Current 
20.0 
mA 


IpROG 
PROG High Voltage 
Supply 
Current 
1.0 
mA 


lEA 
EA High Voltage 
Supply 
Current 
1.0 
mA 


VEAH 
EA 


VILl 


VCC 


RESET 


VILl 


__ 
{EXT 
ADDRX= 
VALID 


lAW 


DBa-DB] J-- 


VDDH 


VDD 


VDDL 
------------ 


VPH 
PROG 
VPL --- 
------- 
--- 


\~-~/ 
\_- 


DBa-DB] J ---< 
ADDRESS 
(0-7) 
VALID 


_____ 
X 
A_D_D_R_E_S_S_(8_-_91_V_A_L_ID 
X 
N_E_X_T_A_D_D_R_E_S_S_V_A_LI_D _ 


ALE 
(NOTE 1) 


+12V I 
EA----.J 


, 
i 
I 
: (INPUT) 


I 
I 
I 
IH 
ADDRESS 


, 
(INPUT) 
I 
-----(- 


TO, RESET 
, (INPUT) 


I,, 


____ 
-----AD-D-R-E-S-S----H 
P2o-P23 
----------~ 
--------- 
I (INPUT) 
I 


DB 
A_D_D_R_ES_S 
__ H ROM DATA 


(INPUT) 
(OUTPUT) 


,,,,,,,, 
LJIi"OMl 
I ~--------- 


(OUTPUT):I-- 
I,, 


48H 
49H 


Al0 
0 
ADDR 
All 
0 
0 


inter 


SINGLE-COMPONENT 
8-BIT MICROCOMPUTERS 
EXPRESS 


• 
0° C to 70°C Operation 
• 
-40° C to 85° C Operation 
• 
168 Hr. Burn-In 


• 
8048AH/8035AHL 
• 
8049AH/8039AHL 
• 
8050AH/8040AHL 


• 
8748H 
• 
8243 
• 
8749H 


The new Intel EXPRESS 
family of single-component 
8-bit microcomputers 
offers enhanced 
processing 
options 
to the familiar 8048AH/8035AHL, 
8748H, 8049AH/8039AHL, 
8749H, 8050AH/8040AHL 
Intel components. 
These 
EXPRESS 
products 
are designed 
to meet 
the needs 
of those 
applications 
whose 
operating 
requirements 
exceed 
commercial 
standards, 
but fall short of military 
conditions. 


The EXPRESS 
options 
include 
the commercial 
standard 
and 
- 40°C to 85°C operation 
with or without 
168 
±8 
hours 
of dynamic 
burn-in 
at 125°C per MIL-STD-883, 
method 
1015. 
Figure 
1 summarizes 
the 
option 
marking 
designators 
and package 
selections. 


For a complete 
description 
of 8048AH/8035AHL, 
8748H, 
8049AH/8309AHL, 
8749H, 8040AHL 
and 8050AH 
features 
and operating 
character 
istics, refer to the respective 
standard 
commercial 
grade data sheet. 
This doc- 


ument highlights 
only the electrical 
specifications 
which 
differ from the respective 
commercial 
part. 


P8048AH 
D8048AH 
D8748H 
P8035AHL 
08035AHL 
P8049AH 
08049AH 
08749H 
P8039AHL 
08039AHL 
P8050AH 
08050AH 
P8040AHL 
08040AHL 
P8243 
08243 


• Commercial 
Grade 
P Plastic 
Package 
o Cerdip 
Package 


TP8048AH 
TD8048AH 
TD8748H 
TP8035AHL 
TD8035AHL 
TP8049AH 
T08049AH 
TD8749H 
TP8039AHL 
TD8039AHL 
TP8050AH 
T08050AH 
TP8040AHL 
T08040AHL 
TP8243 
T08243 


QP8048AH 
Q08048AH 
QD8748H 
QP8035AHL 
QD8035AHL 
QP8049AH 
QD8049AH 
QD8749H 
QP8039AHL 
Q08039AHL 
QP8050AH 
Q08050AH 
QP8040AHL 
Q08040AHL 
QP8243 
Q08243 


LP8048AH 
LD8048AH 
LD8748H 
LP8035AHL 
LD8035AHL 
LP8049AH 
LD8049AH 
LD8749H 
LP8039AHL 
LD8039AHL 
LP8050AH 
LD8050AH 
LP8040AHL 
LD8040AHL 


LD8243 


Extended 
Temperature 
Electrical 
Specification 
Deviations' 


TP8048AHfTP8035AHULP8048AH/LP8035AHL 
TD8048AHfT08035AHUL08048AH/L08035AH 
L 


D.C. CHARACTERISTICS: 
(TA = -40°C 
to 85°C; 
VCC = VOO = 5V ± 10%; VSS = OV) 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input 
High Voltage 
(All Except 
2.2 
VCC 
V 
XTAL1,XTAL2,RESET) 


100 
VOO Supply 
Current 
4 
8 
mA 


100+ 
Total Supply 
Current 
40 
80 
mA 


ICC 


TP8049AHfTP8039AHULP8049AH/LP8039AH 
L 
T08049AHfT08039AHUL08049AH/L08039AHL 


D.C. CHARACTERISTICS: 
(TA = -40°C 
to 85°C; 
VCC = Voo 
= 5V ± 10%; VSS = OV) 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input 
High Voltage 
(All Except 
2.2 
VCC 
V 
XTAL 1, XTAL2, 
RESET) 


100 
VOO Supply 
Current 
5 
10 
mA 


100+ 
Total Supply 
Current 
50 
100 
mA 
ICC 


TP8050AHfTP8040AHULP8050AHULP8040AHL 
TD8050AHfT08040AHULD8050AH/L08040AHL 


D.C. CHARACTERISTICS: 
(TA = -40°C 
to 85°C; 
VCC = Voo 
= 5V ± 10%; VSS = OV) 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input 
High Voltage 
(All Except 
2.2 
VCC 
V 
XTAL 1, XTAL2, 
RESET) 


100 
VOO Supply 
Current 
10 
20 
mA 


100+ 
Total Supply 
Current 
75 
120 
mA 
ICC 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input 
High Voltage 
(All Except 
2.2 
VCC 
V 
XTAL1, XTAL2, 
RESET) 


100+ 
Total Supply 
Current 
50 
130 
mA 
ICC 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH 
Input High Voltage 
(All Except 
2.2 
VCC 
V 
XTAL 1, XTAL2, 
RESET) 


100+ 
Total Supply 
Current 
75 
150 
mA 
ICC 


TP8243/TD8243/LD8243 


D.C. CHARACTERISTICS: 
(TA = -40°C 
to 85°C; VCC 
= 5V ± 10%; VSS 
= OV) 


Limits 


Symbol 
Parameter 
Mln 
I Typ I 
Max 
Unit 
Test Conditions 


ICC 
VCC Supply 
Current 
I 
15 I 
25 
mA 


Limits 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIL1 
Input 
Low Voltage 
(Port 0) 
-0.5 
VTWO.2 
V 


VIH 
Input 
High Voltage 
2.3 
VCC 
V 
VCC = 5.0V ± 10% 
(All Except 
XTAL 1, RESET) 
VTH Floating 


VIH1 
Input 
High Voltage 
3.8 
VCC 
V 
VCC = 5.5V ± 1V 
(All Except 
XTAL 1, RESET) 
VTH Floating 


VIH2 
Input 
High Voltage 
(Port 0) 
VTWO.2 
VCC 
V 


VIH3 
Input 
High Voltage 
(RESET, XTAL 1) 
3.8 
VCC 
V 


VIL 
Input 
Low Voltage 
-0.5 
0.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 0.8 mA 


VOL1 
Output 
Low Voltage 
(P10, P11) 
2.5 
V 
IOL = 3 mA 


VOH 
Output 
High Voltage 
(All unless 
2.4 
V 
IOH = 30}J.A 
open drain option 
Port 0) 


III 
Input 
Current 
(T1) 
±700 
}J.A 
VCC;;" 
VIN;;" 


VSS + 0.45V 


ILl1 
Input 
Current 
to Ports 
500 
}J.A 
VIN = 0.45V 


ICC 
VCC Supply 
Current 
120 
mA 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


tCY 
Cycle 
Time 
8.38 
50.0 
}J.s 
3.58 MHz XTAL = 8.38 }J.stCY 


VT1 
Zero-Cross 
Detection 
Input 
(T1) 
1 
3 
VACpp 
AC Coupled 


AZC 
Zero-Cross 
Accuracy 
±200 
mV 
60 Hz Sine Wave 


FT1 
Zero-Cross 
Detection 
Input 
0.05 
1 
kHz 
Frequency 
(T1) 


tLL 
ALE Pulse Width 
3.9 
23.0 
}J.s 
tCY = 8.38 }J.Sfor min 


Limits 


Parameter 
Min 
I 
Typ 
1 
Max 
Unit 
Test Conditions 


Absolute 
Accuracy 
I 
11.6% FSR ± 'h LSB 
LSB 


NOTE: 
The analog 
input must be maintained 
at a constant 
voltage 
during 
the sample time (tss + tsh). 
'Refer 
to individual 
commercial 
grade data sheets for complete 
operating 
characteristics. 


inter 


80C49-7/80C39-7 
CHMOS SINGLE-COMPONENT 
8-BIT MICROCOMPUTER 


• 8OC49-7 Low Power Mask Programmable ROM 
• 80C39-7 Low Power, CPU only 


- 
Pln-to-pln Compatible with Intel's 
- 
Battery 
Operation 
8049AH/8039AHL 
_ 3 Power Consumption 
Selections 
-Normal 
Operation: 
12 mA@ 11 MHz@ 5V 


-Idle 
Mode: 
5 mA @ 11 MHz @ 5V 
-Power 
Down: 
2 IJ.A@ 2.0V 


- 
11 MHz, TTL Compatl~le 
Operation: 
VCC = 5V± 
10% 
CMOS 
Compatlbl'! 
Operation; 


VCC = 5V± 
20% 


- 
1.361J.secInstruction 
Cycle. All Instructions 
1 or 2 Cycles 


_ Ablllty 
to Maintain 
Operation 
during 
AC Power Line Interruptions 


_ Exit Idle Mode with an External 
or Internal 
Interrupt 
Signal 


Intel's 
80C49-7/8OC39-7 
are low power, 
CHMOS 
versions 
of the popular 
Mcse-48 
HMOS 
family 
members. 
CHMOS 
is a 


technology 
built on HMOS 
II and features 
high resistivity 
P substrate, 
diffused 
N well, and scaled 
Nand 
P channel 
devices. 


The 8OC49-7/80C39·7 
have been designed 
to provide 
low power 
consumption 
and high performance. 


The 80C49-7 
contains 
a 2K x 8 program 
memory, 
a 128 x 8 x 8 RAM data memory, 
27 I/O lines, and an 8-bit timer/counter 
in addition 
to an on-board 
oscillator 
and clock circuits. 
For systems 
that require 
extra capability, 
the 8OC49-7 can be expanded 


using CMOS 
external 
memories 
and Mcse·80 
and Mcse-85 
peripherals. 
The 80C39-7 
is the equivalent 
of the 8OC49-7 without 


program 
memory 
on-board. 


The CHMOS 
design 
of the 8OC49-7 
opens 
new application 
areas 
that 
require 
battery 
operation, 
low power 
standby, 
wide 


voltage 
range, 
and the ability to maintain 
operation 
during AC power line interruptions. 
These applications 
include 
portable 
and 
hand-held 
instruments, 
telecommunications, 
consumer, 
and automotive. 


Figure 1. 
Block Diagram 


TO 
XTAL 1 
XTAL 2 
RESET 
55 
INT 
EA 
AD 
PSEN 
WR 
ALE 
DBO 
DBl 
DB2 
DB3 
DB4 
DBS 
DB6 
DB7 
vss 


Figure 3. 
Pin Configuration 


RESET 
SINGLE 
STEP 
EXTERNAL 
MEM 


TEST{ 
PROGRAM 
STORE 
ENABLE 
ADDRESS 
LATCH 
ENABLE 
PORT 
EXPANDER 
STROBE 


Figure 2. 
Logic Symbol 


Symbol 
Pin No. 
Function 


VSS 
20 
Circuit 
GND potential 


VDD 
26 
Low Power standby 
pin 


VCC 
40 
Main power supply; 
+5V during 
operation. 


PROG 
25 
Output 
strobe for 82C43 
I/O expander. 


P10-P17 
27-34 
8-bit quasi-bidirectional 
Port 1 
port. 


P20-P23 
21-24 
8-bit quasi-bidirectional 
port. 


P24-P27 
35-38 
P20-P23 contain 
the four 
Port 2 
high order program 
counter 
bits during an external 
program 
memory fetch 
and serve as a 4-bit I/O 
expander 
bus for 8243. 


DBO-DB7 
12-19 
True bidirectional 
port 
BUS 
which can be written 
or 
read synchronously 
using 
the RD, WR strobes. The 
port can also be statically 
latched. 


Contains 
the 8 low order 
program 
counter 
bits dur- 
ing an external 
program 
memory fetch, and receives 
the addressed 
instruction 
under the control 
of PSEN. 


Also contains 
the address 
and data during 
an external 
RAM data store instruction. 
under control 
of ALE. RD. 
and WR. 


TO 
1 
Input pin testable using the 
conditional 
transfer instruc 
tions JTO and JNTo. TO can 
be designated 
as a clock 
output 
using ENTO CLK 
instruction. 


T1 
39 
Input pin testable using the 
JT1, and JNT1 instructions. 


Symbol 
Pin No. 
Function 


Can be designated 
the 
timer/counter 
input using 
the STRT CNT instruction. 


INT 
6 
Interrupt 
input. Initiates an 
interrupt 
if interrupt 
is en- 
abled. Interrupt 
is disabled 
after a reset. Also testable 
with conditional 
jump in- 
struction. 
(Active low) 
Interrupt 
must remain low 
for at least 3 machine 
cycles for proper operation. 


RD 
8 
Output 
strobe activated 
during 
a BUS read. Can be 
used to enable data onto 
toe bus from an external 
device. 


Used as a read strobe to 
external 
data memory. 
(Active low) 


RESET 
4 
Input which 
is used to 
initialize 
the processor. 


(Active low) (Non TTL VIH) 


WR 
10 
Output 
strobe during a bus 
write. (Active low) 


Used as write strobe to 
external 
data memory. 


ALE 
11 
Address 
latch enable. This 
signal occurs once during 
each cycle and is useful as 
a clock output. 


The negative edge of ALE 
strobes address into 
external 
data and program 
memory. 


PSEN 
9 
Program store enable. This 
output 
occurs only during 
a fetch to external 
program 
memory. (Active low) 


SS 
5 
Single step input can be 
used in conjunction 
with 


Symbol 
Pin No. 
Function 


SS (Con't) 
ALE to "single 
step" the 
processor 
through 
each 
instruction 
(Active 
low) 


EA 
7 
External 
access input which 
forces 
all program 
memory 
fetches 
to reference 
external 
memory. 
Useful 
for emulation 
and debug, 


and essential 
for testing 


Symbol 
Pin No. 
Function 


and program 
verification. 


(Active 
high) 


XTAL1 
2 
One side of crystal 
input 
for internal 
oscillator. 
Also 
input 
for external 
source. 


(Non TTL VIH) 


XTAL2 
3 
Other side of crystal 
input. 


IDLE MODE DESCRIPTION 


The 80C49-7, 
when placed into Idle mode, keeps the oscillator, 
the internal timer and the external 
interrupt 
and 
counter 
pins functioning 
and maintains 
the internal 
register 
and RAM status. 
. 


To place the 80C49-7 
in Idle mode, a command 
instruction 
(op code 01 H) is executed. 
To terminate 
Idle mode, 
a reset must 
be performed 
or interrupts 
must be enabled 
and an interrupt 
signal 
generated. 
There 
are two 
interrupt 
sources 
that can restore normal operation. 
One is an external 
signal applied 
to the interrupt 
pin. The 
other is from the overflow 
of the timer/counter. 
When either interrupt 
is invoked, 
the CPU is taken 
out of Idle 
mode and vectors 
to the interrupt's 
service 
routine address. 
Along with the Idle mode, the standard 
MCS~·48 
power-down 
mode is still maintained. 


inter 


Accumulator 


Mnemonic 
Description 
Bytes 
Cycles 


ADD 
A, R 
Add register 
to A 
1 
1 


ADDA,@R 
Add data memory 
to A 
1 
1 
ADD 
A, # data 
Add immediate 
to A 
2 
2 


ADDCA, 
R 
Add register 
with carry 
1 
1 


ADDCA,@R 
Add data memory 
1 
1 
with 
carry 


ADDC 
A, # data 
Add immediate 
2 
2 
with carry 
ANLA, 
R 
And register 
to A 
1 
1 


ANLA,@R 
And data memory 
to A 
1 
1 
ANL A, # data 
And 
immediate 
to A 
2 
2 


ORLA, 
R 
Or register 
to A 
1 
1 


ORLA@R 
Or data memory 
to A 
1 
1 


ORL A,#data 
Or immediate 
to A 
2 
2 
XRL A, R 
Exclusive 
or register 
1 
1 
to A 
XRLA,@R 
Exclusive 
or data 
1 
1 
memory 
to A 
XRL, A, # data 
Excl usive or 
2 
2 
immediate 
to A 
INCA 
Increment 
A 
1 
1 
DECA 
Decrement 
A 
1 
1 
CLRA 
Clear A 
1 
1 


CPLA 
Complement 
A 
1 
1 
DAA 
Decimal 
adjust 
A 
1 
1 
SWAP A 
Swap nibbles 
of A 
1 
1 
RLA 
Rotate 
A left 
1 
1 
RLCA 
Rotate 
A left 
1 
1 
through 
carry 


RRA 
Rotate 
A right 
1 
1 
RRCA 
Rotate 
A right 
1 
1 
through 
carry 


Input/Output 


Mnemonic 
Description 
Bytes 
Cycles 


INA,P 
Input 
port to A 
1 
2 
OUTL 
P, A 
Output 
A to port 
1 
2 
ANL 
P, # data 
And 
immediate 
to port 
2 
2 
ORL P, # data 
Or immediate 
to port 
2 
2 
INS A, BUS 
Input 
BUS to A 
1 
2 
OUTL 
BUS, A 
Output 
A to BUS 
1 
2 
ANL 
BUS, # data And 
immediate 
to BUS 
2 
2 
ORL BUS, # data Or immediate 
to BUS 
2 
2 
MOVDA, 
P 
Input 
expander 
port 
1 
2 
toA 
MOVD 
P,A 
Output 
A to expander 
1 
2 
port 
ANLD 
P, A 
And A to expander 
port 
1 
2 
ORLDP, 
A 
Or A to expander 
port 
1 
2 


Mnemonic 
INCR 


INC@R 
DECR 


Description 


Increment 
register 
Increment 
data memory 


Decrement 
register 


Cycles 
1 
1 


1 


Bytes 
1 
1 
1 


Branch 


Mnemonic 
Description 
Bytes 
Cycles 


JMP addr 
Jump 
unconditional 
2 
2 


JMPP@A 
Jump 
indirect 
1 
2 
DJNZ 
R, addr 
Decrement 
register 
2 
2 
and skip 


JC addr 
Jump 
on carry = 1 
2 
2 


JNC addr 
Jump 
on carry = 0 
2 
2 


JZ addr 
Jump 
on A zero 
2 
2 
JNZ addr 
Jump 
on A not zero 
2 
2 
JTO addr 
Jump 
on TO = 1 
2 
2 
JNTO addr 
Jump 
on TO = 0 
2 
2 
JT1 addr 
Jump 
on Tl = 1 
2 
2 
JNT1 
addr 
Jump 
on T1 = 0 
2 
2 
JFO addr 
Jump 
on FO = 1 
2 
2 


JF1 addr 
Jump 
on F1 = 1 
2 
2 


JTF addr 
Jump 
on timer 
flag 
2 
2 


JNI addr 
Jump 
on INT = 0 
2 
2 
JBb addr 
Jump 
on accumulator 
2 
2 
bit 


Subroutine 


Mnemonic 
Description 
Bytes 
Cycles 
CALLaddr 
Jump 
to subroutine 
2 
2 
RET 
Return 
1 
2 
RETR 
Return 
and restore 
1 
2 
status 


Flags 


Mnemonic 
Description 
Bytes 
Cycles 
CLRC 
Clear 
carry 
1 
1 
CPLC 
Complement 
carry 
1 
1 
CLR FO 
Clear 
flag 0 
1 
1 


CPlFO 
Complement 
flag 0 
1 
1 
CLR F1 
Clear flag 1 
1 
1 
CPL F1 
Complement 
flag 1 
1 
1 


Table 
2. 
Instruction 
Set 
(Continued) 


Data Moves 
Timer/Counter 


Mnemonic 
Description 
Bytes 
Cycles 
Mnemonic 
Description 
Bytes 
Cycles 
MOVA,R 
Move register 
to A 
1 
1 
MOVA, 
T 
Read timer/counter 
1 
1 
MOVA,@R 
Move data memory 
1 
1 
MOVT,A 
load 
timer/counter 
1 
1 
toA 
STRTT 
Start timer 
1 
1 
MOV A, # data 
Move immediate 
to A 
2 
2 
STRT CNT 
Start counter 
1 
1 
MOVR,A 
Move A to register 
1 
1 
STOP TCNT 
Stop timer/counter 
1 
1 
MOV@R,A 
Move A to data 
1 
1 
EN TCNTI 
Enable timer/counter 
1 
1 
memory 
interrupt 
MOV R,#data 
Move immediate 
2 
2 
DIS TCNTI 
Disable timer/counter 
to register 
interrupt 
MOV @R, # data 
Move immediate 
to 
2 
2 
data memory 
MOVA, 
PSW 
Move PSW to A 
Control 
MOV PSW, A 
MoveAto 
PSW 
XCHA, 
R 
Exchange 
A and 
Mnemonic 
Description 
Bytes 
Cycles 
register 
EN I 
Enable external 
1 
1 


XCHA,@R 
Exchange 
A and 
interrupt 
data memory 
DISI 
Disable external 
XCHDA,@R 
Exchange 
nibble 
of A 
interrupt 
and register 
SEl 
RBO 
Select register 
bank 0 
MOVXA,@R 
Move external 
data 
2 
SEl 
RB1 
Select register 
bank 1 
memory 
to A 
SEl 
MBO 
Select memory 
bank 0 
MOVX@R,A 
Move A to external 
2 
SEl 
MB1 
Select memory 
bank 1 
data memory 
ENTO ClK 
Enable clock 
output 
MOVPA,@A 
Move to A from 
2 
on TO 
current 
page 
MOVP3A,@A 
Move to A from page 3 
2 


Mnemonic 
Description 
Bytes 
Cycles 
NOP 
No operation 
1 
1 


IDl 
Select Idle Operation 
1 
1 


Ambient 
Temperature 
Under Bias 
, , , ooe to 70°C 
Storage 
Temperature 
. . . . . . 
- 65°C to + 150°C 
Voltage 
On Any Pin With Respect 
to Ground 
-0.5VtoVee+1V 
Maximum 
Voltage 
On Any Pin 
With Respect 
to Ground 
Power Dissipation 
. . . . . . . 


.... 
7V 
1.0 Watt 


'NOTICE: Stresses above those listed under "Ab- 
solute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only 
and functional operation of device at these or any 
other conditions above those indicated in the oper- 
ational sections of this specification is not implied. 


D.C. CHARACTERISTICS: 
(TA = O°C to 70°C; VCC = VDD = 5V ± 20%; IVcc 
- 
VDDI .;; 1.5V; 


VSS = OV) 


Limits 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIL 
Input Low Volta~ 
-.5 
.18 VCC 
V 
(All Except X1, RESET) 


VIL1 
Input Low Voltage 
X1, RESET 
-5 
.13 VCC 
V 


VIH 
Input High Voltage 
__ 
0.2 VCC 
VCC 
V 
(All Except XTAL 1, RESET) 
+ 1.2 


VIH1 
Input High Voltage 
(X1, RESET) 
.7VCC 
VCC 
V 


VOL 
Output 
Low Voltage 
(BUS) 
.6 
V 
IOL = 2.0 mA 


VOL1 
~ut 
Low Voltage 
.6 
V 
IOL = 1.8 mA 
(RD, WR, PSEN, ALE) 


VOL2 
Output 
Low Voltage 
(PROG) 
.6 
V 
IOL = 1.0 mA 


VOL3 
Output 
Low Voltage 
.6 
V 
IOL = 1.6 mA 
(All Other Outputs) 


VOH 
Output 
High Voltage 
(BUS) 
.75 VCC 
V 
IOH = - 400 JJA 


VOH1 
~ut 
High Voltage 
.75 VCC 
V 
IOH = -100 
JJA 
(RD, WR, PSEN, ALE) 


VOH2 
Output 
High Voltage 
2.4 
V 
IOH = -40 
JJA 
(All Other Outputs) 
3.0 
IOH = -20 
JJA 


1L1 
Input Leakage 
Current 
(T1, INT, EA) 
±5 
JJA 
VSS .;; VIN .;; VCC 


IU1 
Input Leakage 
Current 
-500 
JJA 
VSS .;; VIN .;; VCC 
(P10-P17, 
P20-P27, 
58) 


ILO 
Output 
Leakage 
Current 
(BUS, TO) 
±5 
JJA 
VSS .;; VIN .;; VCC 
(High Impedance 
State) 


ILR 
Input Leakage 
Current 
(RESET) 
-10 
-300 
JJA 
VSS .;; VIN .;; VIH1 


IpD 
Power 
Down Standby 
Current 
2 
JJA 
VDD = 2.0V RESET.;; 
VIL 


Vcc 
4V 
5V 
6V 


1 MHz 
. 
2.5 
3.3 
4.0 


6 MHz 
5 
6.8 
8.5 


11 MHz 
9 
12 
15 


Vcc 
4V 
5V 
6V 


1 MHz 
1.7 
2.0 
2.2 


6 MHz 
2 
3 
4 


11 MHz 
3.5 
4.8 
6 


ICC Test CondItions: 


ICC Active 
All o..!!!,eutsdisconnected 
T1, INT, SS, TO connected 
to HIGH (VIH) 


EA, RST connected 
to LOW (VILl 


XTAL 1 External 
Drive 
Rise Time = 10 ns, Fall Time = 10 ns 


XTAL2 No connection 
VIH = VCC 
- 
0.5V 


VIL = VSS + 0.5V 


ICC Idle 
All outputs 
disconnected 
XTAL 1 External 
Drive 
Rise Time = 10 ns, Fall Time = 10 ns 
XTAL2 No connection 
VIH = VCC 
- 
0.5V 
VIL = VSS + 0.5V 


f(t) 
11 MHz 
Conditions 
Symbol 
Parameter 
(Note 3) 
Min 
Max 
Unit 
(Note 1) 


t 
Clock Period 
1/xtal freq 
90.9 
1000 
ns 
(Note 3) 


tLL 
ALE Pulse Width 
3.5t-170 
150 
ns 


tAL 
Addr Setup to ALE 
2t-110 
70 
ns 
(Note 2) 


tLA 
Addr Hold f~om ALE 
t-40 
50 
ns 


tCC1 
Control 
Pulse Width (RD, WR) 
7.5t-200 
480 
ns 


tCC2 
Control 
Pulse Width (PSEN) 
6t-200 
350 
ns 


tDW 
Data Setup before WR 
6.5t-200 
390 
ns 


tWD 
Data Hold after WR 
t-50 
40 
ns 


tDR 
Data Hold (RD, PSEN) 
1.5t-30 
0 
110 
ns 


tRD1 
RD to Data in 
6t-170 
350 
ns 


tRD2 
PSEN to Data in 
4.51-170 
190 
ns 


tAW 
Addr Setup to WR 
5t-150 
300 
ns 


tAD1 
Addr Setup to Data (RD) 
10.5t-220 
730 
ns 


tAD2 
Addr Setup to Data (PSEN) 
7.5t-220 
460 
ns 


tAFC1 
Addr Float to RD, WR 
2t-40 
140 
ns 
(Note 2) 


tAFC2 
Addr Float to PSEN 
.5t-40 
10 
ns 
(Note 2) 


tLAFC1 
ALE to Control 
(RD, WR) 
3t-75 
200 
ns 


tLAFC2 
ALE to Control 
(PSEN) 
1.5t-75 
60 
ns 


tCA1 
Control 
to ALE (RD, WR, PROG) 
t-65 
25 
ns 


tCA2 
Control 
to ALE (PSEN) 
4t-70 
290 
ns 


tcp 
Port Control 
Setup to PROG 
1.5t-80 
50 
ns 


tpc 
Port Control 
Hold to PROG 
4t-260 
100 
ns 


tpR 
PROG to P2 Input Valid 
8.5t-120 
650 
ns 


tpF 
Input Data Hold from PROG 
1.5t 
0 
140 
ns 


tDP 
Output 
Data Setup 
6t-290 
250 
ns 


tpD 
Output 
Data Hold 
1.5t-90 
40 
ns 


tpp 
PROG Pulse Width 
10.5t-250 
700 
ns 


tpL 
Port 2 I/O Setup to ALE 
4t-200 
160 
ns 


tLP 
Port 2 I/O Hold to ALE 
1.5t-120 
15 
ns 


tpv 
Port Output from ALE 
4.5t+100 
510 
ns 


tOPRR 
TO Rep Rate 
3t 
270 
ns 


tCY 
Cycle Time 
1St 
1.36 
15.0 
JlS 
, 


Notes: 


1. Control 
Outputs 
CL = BOpF 
BUS Outputs 
CL = 150pF 
2. BUS High Impedance 
Load 20pF 
3. fit} assumes 50% duty cycle on Xl, X2. Max 


clock period is for a 1 MHz crystal 
input. 


intel 


j- 
ICY 


I--ILL 
-IILAFC2 
f-- 
J 
1_1__ 


IAFd2 
I-ICC2 -l 


_-J 
I 


ILAFC1L 
L 
ALE J 
I 


ICA1 r-- 


2.4V 
----_ 
,,~--- 
-- 
__ 


0.45V 
X~:~;:TEST 
POINTS:~:~X 
_ 


FLOATING 


LIAW--l 


Write To External 
Data Memory 


A.C. testing 
inputs 
are driven 
at 2.4V for a logic "1" and 
D.45V for a logic 
"D." Output 
timing 
measurements 
are 
made at 2.DV for a logic 
"1" and D.8V for a logic 
"D." 


iIPL--1 


I 
I 


I 
I 
I 


~IPV1 


I 
I 
I 
I 
I 
I 


I 
PCH 


I 


NEW PORT 
DATA 
I 


P24-27 
P10-17 
OUTPUT 


I 
I 
PORT 
24-27, 
PORT 
10-17 
DATA 
I 


I 
I 


~IAL+--ILA-r-IPL~ 


PCH 
I 
PORT 
20-23 
DATAl I PORT 
CONTROL 


I 
I 
1-" 
-lPR_ 


PCH 
I 


I 


----+j 
!-ICA1 


IIPD 
i 
lDP 
T"I 


OUTPUT 
DATAI 


ILP 


EXPANDER 
PORT 


OUTPUT 


EXPANDER 
PORT 


INPUT 


: (OUTPUT) 


I 
i 
I 
: 
: (INPUT) 
I 


r 
I 
I 
I 
I 
I 
I 
: 
08---- 
ADDRESS 
H--R-O-M-O-A-T-A-H--AO-O-R-E-S-S--l..JROMl 
______ 
. 
, 
1 
~~--------- 


(INPUT) 
(OUTPUT) 
, 
(INPUT) 
(OUTPUT)' 
I 


RESET 
--------~! 
(INPUT) 


I, 
I 


P20-P23 ---_-~ 
-_-_-_-_-_-_-_-_A=O=O=R=E=S=S========H 
A_O_O_R_E_S_S 
;---------- 


: (INPUT) 


-=:J 
EA 
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CHAPTER 16 
THE RUPITM·44FAMILY: 
MICROCONTROLLER 
WITH ON·CHIP 
COMMUNICATION 
CONTROLLER 


The RUPI-44 family is designed for applications requir- 
ing local intelligence at remote nodes, and communica- 
tion capability among these distributed 
nodes. The 


RUPI-44 integrates onto a single chip Intel's highest 
performance microcontroller, the 8051-core, with an in- 
telligent and high performance Serial communication 
controller, called the Serial Interface Unit, or SIU. See 
Figure 16-1. This dual controller architecture allows 
complex control and high speed data communication 
functions to be realized cost effectively. 


The RUPI-44 family consists of three pin compatible- 
parts: 


8344-8051 
Microcontroller with SIU 


8044-An 
8344 with 4K bytes of on-chip ROM 
program memory. 


8744-An 
8344 
with 
4K 
bytes 
of on-chip 
EPROM program memory. 


The 8044's dual controller 
architecture 
enables the 


RUPI to perform complex control tasks and high speed 
communication in a distributed network environment. 


The 8044 microcontroller is the 805l-core, and main- 
tains complete 
software compatibility 
with it. The 


microcontroller contains a powerful CPU with on-chip 
peripherals, making it capable of serving sophisticated 


real-time control applications such as instrumentation, 
industrial control, and intelligent computer peripherals. 
The microcontroller features on-chip peripherals such 
as two l6-bit timer/counters 
and 5 source interrupt ca- 
pability with programmable priority levels. The micro- 
controller's 
high 
performance 
CPU 
executes 
most 
instructions in 1microsecond, and can perform an'8 X 8 
multiply in 4 microseconds. The CPU features a Bool- 
ean processor that can perform operations on 256 direct- 
ly addressable bits. 192 bytes of on-chip data RAM can 
be extended to 64K bytes externally. 4K bytes of on-chip 
program ROM can be extended to 64K bytes externally. 
The CPU and SIU run concurrently. 
See Figure 16-2. 


The SIU is designed to perform serial communications 
with little or no CPU involvement. The SIU supports 
data rates up to 2.4Mbps, externally clocked, and 375K 
bps self clocked' (i.e., the data clock is recovered by an 
on-chip digital phase locked loop). SIU hardware sup- 
ports the HOLC/SOLC 
protocol: zero bit insertion/de- 
letion, address recognition, cyclic redundancy check, 
and frame number sequence check are automatically 
performed. 


The SIU's Auto mode greatly reduces communication 
software 
<werhead. The AUTO 
mode supports 
the 
SOLC Normal Response Mode, by performing second- 
ary station responses in hardware without any CPU in- 
volvement. The Auto mode's interrupt 
control and 
frame sequence numbering capability eliminates soft- 
ware overhead normally required in conventional sys- 
tems. By using the Auto mode, the CPU is free to 
concentrate on real time control of the application. 
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The High Level Oata Link Control, HOLC, is a stan- 
dard communication 
link control established by the 
International 
Standards Organization (ISO). SOLC is 
a subset of HOLC. 


HOLC and SOLC are both well recognized standard 
serial protocols. The Synchronous Oata Link Control, 
SOLC, is an IBM standard communication 
protocol. 


IBM originally developed SOLC to provide efficient, 
reliable and simple communication between terminals 
and computers. 


The major advantages of SOLC/HOLC 
over Asyn- 
chronous communications 
protocol (Async): 


• 
SIMPLE: 
Oata Transparency 


Well Oefined MessagecLevel 
Operation 


Frame Check Sequence and 
Frame Numbering 


The SOLC reduces system complexity. HOLC/SOLC 
are "data transparent" 
protocols. Oata transparency 
means that an arbitrary data stream can be sent without 
concern that some of data could be mistaken for a pro- 
tocol controller. 
Oata transparency 
relieves the com- 
munication 
controller 
having 
to 
detect 
special 
characters. 


SOLC/HOLC 
provides more data throughout 
than 
Async. SOLC/HOLC 
~uns at Message-level Operation 
which transmits 
multiple 
bytes within 
the 
frame. 
Whereas Async is based on character-level operation. 
Async transmits or receives a character at a time. Since 
Async requires start and stop bits in every transmission, 
there is a considerable waste of overhead compared to 
SOLC/HOLC. 


inter 


Oue to SOLC/HOLC's 
well delineated field (see Figure 
16-4) the CPU does not have to interpret character by 
character to determine control field and information 
field. In' the case of Async, CPU must look at each 
character to interpret what it means. The practical ad- 
vantage of such feature is straight forward use of OMA 
for information 
transfer. 


In addition, 
SOLC/HOLC 
further 
improves 
Oata 
throughput 
using implied AcknowledgelJ1ent of trans- 
ferred information. A station using SOLC/HOLCmay 
acknowledge 
previously received information 
while 
transmitting different information in the same frame. 
In addition, up to 7 messages may be outstanding before 
an acknowledgement 
is required. 


The HOLC/SOLC 
protocol 
can be used to realize 
reliable data links. Reliable Oata transmission is ensured 
at the bit level by sending a frame check sequence, cyclic 
redundancy checking, within the frame. Reliable frame 
transmission 
is ensured by sending a frame number 
identification 
with each frame. 
This means that a 
receiver can sequentially count received frames and at 
any time infer what the number of the next frame to 
be received should be. More important, 
it provides a 
means for the receiver to identify to the sender some 
particular frame that it wishes to have resent because 
of errors. 


In both the HOlC 
and SOLC line protocols a (Master) 
primary station controls the overall network (data link) 
and issues commands to the secondary (Slave) stations. 
The latter complies with instructions and responds by 
sending appropriate 
responses. Whenever a transmit- 
ting station must end transmission prematurely, it sends 
an abort character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
frame. 


RUPI-44 supported HOLC/SOLC 
network configura- 
tions are point to point (half duplex) multipoint (half 


duplex), and loop. In the loop configuration the stations 
themselves act as repeaters, so that long links can be 
easily realized, see Figure 16-3. 


16.2.3 
Frames 


An HOLC/SOLC 
frame consists of five basic fields: 


Flag, Address, Control, Oata and Error Oetection. A 
frame is bounded by flags-opening 
and closing flags. 


An address field is 8 bits wide in SOLC, extendable to 2 
or more bytes in HOLC. The control field is also 8 bits 
wide, extendable to two bytes in HOLC. The SOLC 
data field or information field may be any number of 
bytes. The HOLC data field mayor may not be on an 8 
bit boundary. A powerful error detection code called 
Frame Check Sequence contains the calculated CRC 
(Cycle Redundancy Code) for all the bits between the 
flags. See Figure 16-4. 


In HOLC and SOLC are three types of frames; an In- 
formation Frame is used to transfer data, a Supervisory 
Frame 
is used for control 
purposes, 
and 
a Non- 
sequenced Frame is used for initialization and control of 
the secondary stations. 


For a more detailed discussion of higher level protocol 
functions interested readers may refer to the references 
listed in Section 16.2.6. 


In data communications, it is desirable to transmit data 
which can be of arbitrary content. Arbitrary data trans- 
mission requires that the data field cannot contain char- 
acters which are defined to assist the transmission 
protocol (like opening flag in HOLC/SOLC 
communi- 
cations). This property is referred to as "data transpar- 
ency". 
In HOLC/SOLC, 
this code transparency 
is 
made possible by Zero Bit Insertion (ZBI). 


The.flag has a unique binary bit pattern: 01111110 (7E 
HEX). To eliminate the possibility of the data field con- 
taining a 7E HEX pattern, 
a bit stuffing technique 


01111110 
8 BITS 
8 BITS 
VARiABlE 
LENGTH 
18 BITS 
01111110 
(ONLY IN I FRAMES) 


inter 


called Zero Bit Insertion is used. This technique speci- 
fies that during transmission, a binary 0 be inserted by 
the transmitter 
after any succession of five contiguous 
binary I's. This will ensure that no pattern of 0 1 1 I 1 1 
I 0 is ever transmitted between flags. On the receiving 
side, after receiving the flag, the receiver hardware auto- 
matically deletes any 0 following five consecutive 1'so 
The 8044 performs zero bit insertion and deletion 
automatically. 


16.2.5 
Non-return 
to Zero Inverted 
(NR21) 


NRZI is a method of clock and data encoding that is 
well suited to the HOLC/SOLC 
protocol. It allows 
HOLC/SOLC 
protocols to be used with low cost asyn- 


chronous modems. NRZI coding is done at the trans- 
mitter to enable clock recovery from the data at the 
receiver terminal by using standard digital phase locked 
loop (OPLL) 
techniques. NRZI coding specifies that 
the signal condition does not change for transmitting a 
I, while an 0 causes a change of state. NRZI coding en- 
sures that an active dara line will have a transition at 
least every 5-bit times (recall Zero Bit Insertion), while 
contiguous O's will cause a change of state. Thus, ZBI 
and NRZI encoding makes it possible for the 8044's on- 
chip OPLL to recover a receive clock (from received 
data) synchronized to the received data and at the same 
time ensure data transparency. 
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16.3 
RUPITM-44DESIGN 
SUPPORT 


16.3.1 
Design Tool Support 
A critical design consideration is time to market. Intel 
provides a sophisticated set of design tools to speed hard- 
ware and software development time of 8044 based 
products. These include ICE-44, ASM-51, PL/ M-51,and 
EMV-44. 


Figure 16-5. RUPI"'·44 Development Support 
Configuration 
IntellecGD System, 
ICE"'·44 Buffer Box, and ICE-44 
Module Plugged Into a User 
Prototype Board. 


A primary tool is the 8044 In Circuit Emulator, called 
ICE-44. See Figure 16-5. In conjunction with Intel's In- 
tellec* Microprocessor Oevelopment System, the ICE- 
44 emulator allows hardware and software development 
to proceed interactivelY.,This approach is more effective 
than the traditional 
method of independent hardware 
and software development followed by system integra- 
tion. With the ICE-44 module, prototype hardware can 
be added to the system as it is designed. Software and 
hardware integration occurs while the product is being 
developed. 


The ICE-44 emulator assists four stages of development: 


It can be operated without being connected to the us- 
er's system before anyofthe user's hardware is avail- 
able. In this stage ICE-44 debugging capabilities 
can be used in conjunction with the Intellec text edi- 


tor and 8044 macroassembler to facilitate program 
development. 


2) Hardware Development 


The ICE-44 module's precise emulation characteris- 
tics and full-speed program RAM make it a valuable 
tool for debugging hardware, including the time- 
critical SDLC serial port, parallel port, and timer 
interfaces. 


3) System Integration 


Integration 
of software and hardware 
can begin 
when any functional element of the user system 
hardware is connected to the 8044 socket. As each 
section of the user's hardware is completed, it is add- 
ed to the prototype. Thus, each section of the hard- 
ware and software is system tested in real-time 
operation as it becomes available. 


4) System Test 


When the user's prototype is complete, it is tested 
with the final version of the user system software. 
The ICE-44 module is then used for real-time emu- 
lation of the 8044 to debug the system"asa completed 
unit. 


The final product verification test may be performed 
using the 8744 EPROM version of the 8044 micro- 
computer. Thus, the ICE-44 module provides the 
user with the ability to debug a prototype or produc- 
tion system at any stage in its development. 


A conversion kit, ICE-44 CON, is available to upgrade 
an ICE-51 module to ICE-44. 


Intel's ASM-51 Assembler supports the 8044 special 
function registers and assembly program development. 
PL/M-51 provides designers with a high level language 
for the 8044. Programming in PL/M can greatly reduce 
development time, and ensure quick time to market. 


These tools have recently been expanded 
with the 
addition of the EMV-44CON. This conversion kit allows 
you to convert an EMV-51 into an EMV-44 emulation 
vehicle. The resultant low cost emulator is design for use 


with an iPDS Personal Development System, which also 
supports 
the ASM-51 assembler and PL/ M-51. See 
Figure 16-6. 


Figure 16-6. RUPI-44 
IPDS Personal 
Development 
System, EMV-44 Buffer Box, and EMV- 
44 Module Plugged Into a User Proto- 
type Board. 


Emulation support is similar to the ICE-44 with support 
for Software 
and 
Hardware 
Development, 
System 
Integration, 
and 
System 
Test. The 
iPDS's 
rugged 
portability and ease of usealso make it an ideal system for 
production tests and field service of your finished design. 
In addition, the iPDS offers EPROM 
programming 
module for the 8744,and direct communications with the 
8044-based BITBUS via an optional iSBX344 distributed 
control module. 


16.3.2 
8051 Workshop 


Intel provides 8051 training to its customers through the 
5-day 8051 workshop. Familiarity with the 8051 and 
8044 is achieved through a combination of lecture and 
laboratory exercises. 


For designers not familiar with the 8051, the workshop 
is an effeqive way to become proficient with the 8051 
architecture and capabilities. 


8044 Architecture 
17 


CHAPTER 
17 
8044 ARCHITECTURE 


The 8044 is based on the 8051 core. The 8044 replaces 
the 8051's serial port with an intelligent HDLC/SDLC 
controller called the Serial Interface or SIU. Thus the 
differences between the two result from the 8044's in- 
creased on-chip RAM (192 bytes) and additional spe- 
cial function registers necessary to control the SIU. 
Aside from the increased memory, the SIU itself, and 
differences in 5 pins (for the serial port), the 8044 and 
8051 are compatible. 


This chapter describes the differences between the 8044 
and 8051. Information pertaining to the 8051 core, ego 
instruction set, port operation, EPROM programming, 
etc. is located in the 8051 sections of this manual. 


A block diagram of the 8044 is shown in Figure 17-1 
The pinpoint is shown on the inside front cover. 


111 MEMORY ORGANIZATION 
OVERVIEW 


The 8044 maintains separate address spaces for Pro- 
gram Memory and Data Memory. The Program Mem- 
ory can be up to 64K bytes long, of which the lowest 4K 
bytes are in the on-chip ROM. 


If the EA pin is held high, the 8044 executes out of inter- 
nal ROM unless the Program Counter exceeds OFFFH. 
Fetches from locations lOOOHthrough FFFFH are di- 
rected to external Program Memory. 


If the EA pin is held low, the 8044 fetches all instruc- 
tions from external Program Memory. 


The Data Memory consists of 192 bytes of on-chip 
RAM, plus 35 Special Function Registers, in addition to 
which the device is capable of accessing up to 64K bytes 
of external data memory. 


The Program Memory uses 16-bit addresses. The exter- 
nal Data Memory can use either 8-bit or 16-bit address- 
es. The internal Data Memory uses 8-bit addresses, 
which provide a 256-location address space. The lower 
192 addresses access the on-chip RAM. The Special 
Function Registers occupy various locations in the upper 
128 bytes of the same address space. 


The lowest 32 bytes in the internal RAM (locations 00 
through IFH) are divided into 4 banks of registers, each 
bank consisting of 8 bytes. Anyone of these banks can be 
selected to be the "working registers" of the CPU, and 
can be accessed by a 3-bit address in the same byte as the 
opcode of an instruction. Thus, a large number of in- 
structions are one-byte instructions. 


The next higher 16bytes of the internal RAM (locations 
20H through 2FH) have individually addressable bits. 
These are provided for use as software flags or for one- 
bit (Boolean) processing. This bit-addressing capability 
is an important feature of the 8044. In addition to the 
128 individually addressable bits in RAM, twelve of the 
Special 
Function 
Registers 
also 
have 
individually 
addressable bits. 


A memory map is shown in Figure 17-2. 


The Special Function Registers are as follows: 


• 
ACC 
Accumulator (A Register) 


• 
B 
B Register 
• 
PSW 
Program Status Word 
SP 
Stack Pointer 
DPTR 
Data Pointer (consisting of DPH 
AND DPL) 
Port 0 
Port I 
Port 2 
Port 3 
Interrupt Priority 
Interrupt Enable 
Timer/Counter 
Mode 
Timer/Counter 
Control 


Timer/Counter 
0 (high byte) 


Timer/Counter 
0 (low byte) 


Tim~r/Counter 
I (high byte) 
Timer/Counter 
I (low byte) 


Serial Mode 
Status/Command 
Send/Receive Count 
Station Address 
Transmit Buffer Start Address 
Transmit Buffer Length 
Transmit Control Byte 
Receive Buffer Start Address 
Receive Buffer Length 
Received Field Length 
Received Control Byte 
DMACount 
FIFO (three bytes) 
SIU State Counter 
Power Control 


• PO 
• 
PI 
• 
P2 
• 
P3 
• 
IP 
• 
IE 
TMOD 
• 
TCON 
THO 
TLO 
THI 
TLI 
SMD 
• 
STS 
• 
NSNR 
STAD 
TBS 
TBL 
TCB 
RBS 
RBL 
RFL 
RCB 
DMA CNT 
FIFO 
SIUST 
PCON 


The registers marked with • are both byte- and bit- 
addressable. 


"II 
cOc~..•. 
";'I..•. 
:u 


...• 
c:" 


.....• 
~ 
II\) 
lD 
ADR/I/O 
0' 
()~ 
0 
Di" 
CO..• 
DI3 


INTERNAL 
TWO PORT 
DATA 
.AM 


- 
FFFF 


fXTtRNAL 


1000 
1 
( 
- 
1 
OFFF 


INTERNAL 
EXTERNAL 
(EA 
I) 
lEA 
0) 


DODO 


1\ OVERLAPPED 
I \ 
SPACE 


- ~--------, 
FF I 
I 
~ 
8F 
---y--- 


EXTERNAL 


DATA 
MEMORY 


T 


INTERNAL 
DATA 
MEMORY 


Stack Pointer 


The Stack Pointer is 8 bits wide. The stack can reside 
anywhere in the 192 bytes of on-chip RAM. When the 
8044 is reset, the stack pointer is initialized to 07H. 
When executing a PUSH or a CALL, the stack pointer 
is incremented before data is stored, so the stack would 
begin at location 08H. 


1l1.2 
Interrupt 
Control 
Registers 


The Interrupt Request Flags are as listed below: 


Source 
Request Flag 
Location 


External Interrupt 0 INTO, if ITO = 0 
P3.2 
lEO, if ITO = I 
TCON.I 


Timer 0 Overflow 
TFO 
TCON.5 


External Interrupt I INTI, ifITI = 0 
P3.3 
lEI, ifITI = I 
TCON.3 


Timer I Overflow 
TFI 
TCON.7 


Serial Interface Unit SI 
STSA 


External 
Interrupt 
control bits ITO and ITI 
are in 
TCON.O and TCON.2, 
respectively. Reset leaves all 


flags inactive, with ITOand ITI cleared. 


All the interrupt flags can be set or cleared by software, 
with the same effect as by hardware. 


The Enable and Priority Control Registers are shown 
below. All of these control bits are set or cleared by soft- 
ware. All are cleared by reset. 


EA 
disables all interrupts. If EA = 0, no 
interrupt will be acknowledged. If EA 
= I, each interrupt source is individ- 
ually enabled or disabled by settmg or 
clearing its enable bit. 


enables or disables the Serial Inter- 
face Unit interrupt. IfES = 0, the Se- 
rial 
Interface 
Unit 
interrupt 
is 
disabled. 


ETl 
enables or disables the Timer I Over- 
flow interrupt. If ETl = 0, the Timer 
I interrupt is disabled. 


EX I 
enables or disables External Interrupt 
I. If EX I = 0, External Interrupt 1 is 
disabled. 


ETO 
enables or disables the Timer 0 Over- 
flow interrupt. If ETO = 0, the Timer 
o interrupt is disabled. 


IP: Interrupt 
Priority Register 
(bit-addressable) 


Bit: 7 
6 
5 
4 
3 
2 
I 
0 
~PTllpXIIPTolpXol 


PS 
defines the Serial Interface Unit in- 
terrupt 
priority level. PS = 1 pro- 
grams it to the higher priority level. 


PTI 
defines the Timer 1 interrupt priority 
level. PTI 
= I programs it to the 
higher priority level. 


PX I 
defines the External Interrupt 1prior- 
ity level. PX I = I programs it to the 
higher priority level. 


PTO 
defines the Timer 0 interrupt priority 
level. PTO = 1 programs it to the 
higher priority level. 


PXO 
defines the External Interrupt 0 prior- 
ity level. PXO = I programs it to the 
higher priority level. 


112 
Memory Organization 
Details 


In the 8044 family the memory is organized over three 
address spaces and the program counter. The memory 
spaces shown in Figure 18-2 are the: 


64K-byte Program Memory address space 


64K-byte External Data Memory address space 


320-byte Internal Data Memory address space 


The 16-bit Program Counter register provides the 8044 
with its 64K addressing 
capabilities. 
The Program 
Counter allows the user to execute calls and branches to 


any location within the Program Memory space. There 
are no instructions that permit program execution to 
move from the Program Memory space to any of the 
data memory spaces. 


In the 8044 and 8744 the lower 4K of the 64K Program 
Memory address space is filled by internal ROM and 
EPROM, respectively. By tying the EA pin high, the 
processor can be forced to fetch from the internal 
ROM/EPROM 
for Program 
Memory 
addresses 
0 
through 
4K. Bus expansion for accessing Program 
Memory beyond 4K is automatic since external instruc- 
tion fetches occur automatically 
when the Program 
Counter increases above 4095. If the EA pin is tied low 
all Program Memory fetches are from external memory. 
The execution speed of the 8044 is the same regardless 
of whether fetches are from internal or external Pro- 
gram Memory. If all program storage is on-chip, byte lo- 
cation 
4095 should 
be left vacant 
to prevent 
an 
undesired prefetch from external Program Memory ad- 
dress 4096. 


Certain locations in Program Memory are reserved for 
specific programs. Locations 0000 through 0002 are re- 
served for the initialization program. Following reset, 
the CPU always begins execution at location 0000. Lo- 
cations 0003 through 0042 are reserved for the five in- 
terrupt-request 
service programs. Each resource that 
can request an interrupt requires that its service pro- 
gram be stored at its reserved location. 


The 64K-byte External Data Memory address space is 
automatically accessed when the MOVX instruction is 
executed. 


Functionally the Internal 
Data Memory is the most 
flexible of the address spaces. The Internal Data Mem- 
ory space is subdivided into a 256-byte Internal Data 
RAM address space and a 128-byte Special Function 
Register address space as shown in Figure 
17-3. 


The Internal Data RAM address space is 0 to 255. Four 
8-Register Banks occupy locations 0 through 31. The 
stack can be located anywhere in the Internal 
Data 
RAM address space. In addition, 128 bit locations of the 
on-chip RAM are accessible through Direct Address- 
ing. These bits reside in Internal Data RAM at byte lo- 
cations 32 through 47. Currently locations 0 through 
191 of the Internal Data RAM address space are filled 
with on-chip RAM. 


The stack depth is limited only by the available Internal 
Data RAM, thanks to an 8-bit reloadable Stack Pointer. 
The stack is used for storing the Program Counter dur- 
ing subroutine calls and may be used for passing param- 
eters. Any byte of Internal 
Data 
RAM or Special 
Function Register accessible through Direct Addressing 
can be pushed/popped. 


SPECIAL 
FUNCTION 
REGISTERS 
~ 
ill 255 
2'8 
F8H 
FOH 
E8H 


EOH 


D8H 
RAM 
DOH 
D 


~ii1 
E~ 


BOH 
A8H 
AOH 
98H 
90H 


88H 


1,.,2",8,,-,,13,,,5_1,..2,,,8SOH 


ADDRESS- 
ABLE 
BITS 
IN 
SFRs 
(128 
BITS) 


127 


ADDRESS- 
1! 
ABLE 
BITS 
IN 
SFRs 
B 
(128 
BITS) 
~ 


REGISTERS 
!! 
..!. 


~ 


127 
120 


7 
0 
=~BANK3 
=~BANK2 
=~BANK 
1 
=~BANKO 


Figure 
17-3. 
Internal 
Data 
Memory 
Address 
Space 


The Special Function Register address space is 128 to 
255. All registers except the Program Counter and the 
four 8-Register Banks reside here. Memory mapping the 
Special Function Registers allows them to be accessed 
as easily as internal RAM. As such, they can be operat- 
ed on by most instructions. In the overlapping memory 
space (address 128-191), indirect addressing is used to 
access RAM, and direct addressing is used to access the 
SFR's. The SFR's at addresses 192-255 are also ac- 
cessed using direct addressing. The Special Function 
Registers are listed in Figure 17-4.Their mapping in the 
Special Function Register address space is shown in 
Figures 
17-5,and 17-6. 


Performing a read from a location of the Internal Data 
memory where neither a byte of Internal Data RAM 
(Le., RAM addresses 192-255) nor a Special Function 
Register exists will access data of indeterminable value. 


Architecturally, each memory space is a linear sequence 
of 8-bit wide bytes. By Intel convention the storage of 
multi-byte address and data operands in program and 
data memories is the least significant byte at the low- 
order address and the most significant byte at the high- 
order address. Within byte?<:,the most significant bit is 


ARITHMETIC REGISTERS: 
Accumulator", 
B register", 
Progam Status Word" 
POINTERS: 
Stack Pointer, Data Pointer (high & 
low) 
PARALLEL I/O PORTS: 
Port 3", Port 2", Port 1", Port 0" 
INTERRUPT SYSTEM: 
Interrupt 
Priority Control", 
Interrupt 
Enable Control" 
TIMERS: 
' 


Timer MODe, Timer CONtrol", Timer 1 
(high & low), Timer 0 (high & low) 
SERIAL INTERFACE UNIT: 
Transmit Buffer Start, 
Transmit Buffer Length, 
Transmit Control Byte, 
Send Count Receive Count", 
DMACount, 
Station Address 
Receive Field Length 
Receive Buffer Start 
Receive Buffer Length 
Receive Control Byte, 
Serial Mode, 
Status Register. " 


represented by X.7 while the least significant bit is X.O. 
Any deviation from these conventions will be explicitly 
stated in the text. 


17.2.1 Operand 
Addressing 


There are five methods of addressing source operands. 
They are Register Addressing, Direct Addressing, Reg- 
ister-Indirect 
Addressing, Immediate Addressing and 
Base-Register-plus 
Index-Register- Indirect 
Address- 
ing. The first three of these methods can also be used to 
address a destination operand. Since operations in the 
8044 require 0 (NOP only), I, 2, 3 or 4 operands, these 
fiveaddressing methods are used in combinations to pro- 
vide the 8044 with its 21 addressing modes. 


Most instructions have a "destination, source" field that 
specifies the data type, addressing methods and oper- 
ands involved. For operations other than moves, the des- 
tination operand is also a source operand. For example, 
in "subtract-with-borrow 
A, #5" the A register receives 
the result of the value in register A minus 5, minus C. 


Most operations involveoperands that are located in In- 
ternal Data Memory. The selection of the Program 
Memory space or External Data Memory space for a 


second operand is determined by the operation mne- 
monic unless it is an immediate operand. The subset of 
the Internal 
Data Memory being addressed is deter- 


mined by the addressing method and address value. For 
example, the Special Function Registers can be accessed 
only through Direct Addressing with an address of 128- 
255. A summary of the operand addressing methods is 
shown in Figure 17-6.The following paragraphs describe 
the five addressing methods. 


ARITHMETIC 
REGISTERS: 
Accumulator·. 
B register·, 


Progam Status Word· 
POINTERS: 


Stack 
Pointer, 
Data 
Pointer 
(high 
& 
low) 
PARALLEL 
I/O PORTS: 
Port 3', Port 2', Port 1', Port 0' 
INTERRUPT SYSTEM: 


Interrupt Priority Contro'·, 
Interrupt 
Enable 
Control'" 
TIMERS: 


Timer Mode, Timer Control'", Timer 1 
(high & low), Timer 0 (high & low) 
SERIAL INTERFACE 
UNIT: 


Serial Mode, Status/Command·, 
Send/Receive 
Count'", Station Address, 


Transmit Buffer Start Address, 
Transmit Buffer Length, 
Transmit 
Control 
Byte, 


Receive Buffer Start Address, 
Receive Buffer Length, 
Receive Field Length, 
Receive Control Byte, 
DMA 
Count, 


FIFO (three bytes), 
SIU 
Controller 
State 
Counter 


17.2.2 
Register Addressing 


Register Addressing permits access to the eight registers 
(R7-RO) of the selected Register Bank (RB). One of the 
four 8-Register Banks is selected by a two-bit field in the 
PSW. The registers may also be accessed through Direct 
Addressing and Register- Indirect Addressing, since the 
four Register Banks are mapped into the lowest 32 bytes 
of Internal Data RAM as shown in Figures 
11-9and 
11-10. Other Internal Data Memory locations that are 
addressed as registers are A, B, C, AB and DPTR. 


Figure 17-5. Mapping 
of Special 
Function 
Registers 


B REGISTER 
ACCUMULATOR 
'THREE 
BYTE FIFO 


TRANSMIT 
BUFFER START 
TRANSMIT 
BUFFER LENGTH 
TRANSMIT 
CONTROL BYTE 
'SIU STATE COUNTER 
SEND COUNT RECEIVE COUNT 
PROGRAM STATUS WORD 
"DMA 
COUNT 
STATION ADDRESS 
RECEIVE FIELD LENGTH 
RECEIVE BUFFER START 
RECEIVE BUFFER LENGTH 
RECEIVE CONTROL BYTE 
SERIAL MODE 
STATUS REGISTER 
INTERRUPT PRIORITY CONTROL 
PORT 3 
INTERRUPT ENABLE CONTROL 
PORT 2 
PORT 1 
TIMER HIGH 1 
TIMER HIGH 0 
TIMER LOW 1 
TIMER LOW 0 
TIMER MODE 
TIMER CONTROL 
DATA POINTER HIGH 
DATA POINTER LOW 
STACK POINTER 
PORT 0 


SYMBOLIC 
ADDRESS 
~ 


B 
ACC 
FIFO 
FIFO 
FIFO 
TBS 
TBL 
TCB 
SIUST 
NSNR 
PSW 
DMA CNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 
P3 
IE 
P2 
PI 
THI 
THO 
TLl 
TLO 
TMOD 
TCON 
DPH 
DPL 
SP 
PO 


247 
through 
240 
231 
throuah 
224 


223 
lhrouah 
216 
215 
t rou 
208 


207 
throuah 
2DO 
191 
t 
184 
183 
t ro 
176 
175 
throuah 
168 
167 
throuah 
160 
151 
throuah 
144 


143 
throuah 
136 


135 
throuah 
128 


240 
(FOH) 
224 
(EOH) 
223 
(DFH) 
222 
(DEH) 
221 
(DOH) 
220 
(DCH) 
219 
(DB H) 
218 
(DAH) 
217 
(D9H) 
216 
(D8H) 
208 
(DOH) 
207 
(CFH) 
206 
(CEH) 
205 
(CDH) 
204 
(CCH) 
203 
(CBH) 
202 
(CAH) 
201 
(C9H) 
200 
(C8H) 
184 
(B8H) 
176 
(BOH) 
168 
(A8H) 
160 
(AOH) 
144 
(90H) 
141 
(8DH) 
140 
(8CH) 
139 
(8BH) 
138 
(8AH) 
137 
(89H) 
136 
(88H) 
131 
(83H) 
130 
(82H) 
129 
(81H) 
128 
(SOH) 


Direct 
Byte 
Address 
(MSB) 


Hardware 
Register 
(LSB) Symbol 


• Register Addressing 
- 
R7-RO 
-A,B,C 
(bit), AB (two bytes), 
DPTR (double byte) 
• Direct Addressing 
Lower 128 bytes of Internal Data 
RAM 
Special Function Registers 
128 bits in subset of Special 
Function Register address space 
• Register-Indirect 
Addressing 
Internal Data RAM [@R1, @RO, 
@SP(PUSH and POP only)] 
Least Significant 
Nibbles in 


Internal Data RAM (@R1, @RO) 
External Data Memory (@R1, 
@RO, @DPTR) 
• Immediate Addressing 
- 
Program Memory (in-code con- 
stant) 
• Base-Register-plus 
Index-Register- 
Indirect Addressing 
Program Memory (@ DPTR + A, 
@ PC+A) 


Figure 17-8. Operand Addressing 
Methods 
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Figure 17-10. Addressing 
Operands in Internal 
Data Memory 


1l2.3 
Direct Addressing 


Direct Addressing provides the only means of accessing 
the memory-mapped byte-wide Special Function Regis- 
ters and memory mapped bits within the Special Func- 
tion 
Registers 
and 
Internal 
Data 
RAM. 
Direct 
Addressing of bytes may also be used to access the lower 
128 bytes of Internal Data RAM. Direct Addressing of 
bits gains access to a 128 bit subset of the Internal Data 
RAM and 128 bit subset of the Special Function Regis- 
ters as shown in Figures 17-5, 17-6, 17-9,and 17-10. 


Register- Indirect Addressing using the content of R 1or 
ROin the selected Register Bank, or using the content of 
the Stack Pointer (PUSH and POP only), addresses the 
Internal Data RAM. Register-Indirect 
Addressing is 
also used for accessing the External Data Memory. In 
this case, either Rl or ROin the selected Register Bank 
may be used for accessing locations within a 256-byte 
block. The block number can be preselected by the con- 
tents of a port. The 16-bit Data Pointer may be used for 
accessing any location within the full 64K external ad- 
dress space. 


Reset is accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator periods) while 
the oscillator is running. The CPU responds by execut- 
ing an internal reset. It also configures the ALE and 
PSEN pins as inputs. (They are quasi-bidirectional.) 
The internal reset is executed during the second cycle in 
which RST is high and is repeated every cycle until RST 
goes low. It leaves the internal registers as follows: 


Register 
Content 
PC 
OOOOH 
A 
OOH 
B 
OOH 
PSW 
OOH 
~ 
OOH 
DPTR 
OOOOH 
PO- P3 
OFFH 
IP 
(XXXOOOOO) 
IE 
(OXXOOOOO) 
TMOD 
OOH 
TCON 
OOH 
THO 
OOH 
TLO 
OOH 
THI 
OOH 
TLi 
OOH 


SMD 
STS 
NSNR 
STAD 
TBS 
TBL 


TCB 
RBS 
RBL 
RFL 
RCB 
DMACNT 
FIFOI 
FIF02 
FIF03 
SIUST 
PCON 


OOH 
DOH 
OOH 
OOH 
OOH 
OOH 
DOH 


OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
DOH 
OlH 
(OXXXXXXX) 


The internal RAM is not affected by reset. When VCC 
is turned on, the RAM content is indeterminate unless 
VPD was applied prior to VCC being turned off (see 
Power Down Operation.) 


vss: Circuit ground potential. 


VCC: Supply voltage during 
programming 
(of the 
8744), verification (of the 8044 or 8744), and normal 
operation. 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. It is also the multiplexed low-order address and 
data bus during accesses to external memory (during 
which accesses it activates internal pullups). It also out- 
puts instruction 
bytes during 
program 
verification. 


(External pullups are required during program verifica- 
tion.) Port 0 can sink eight LS TTL inputs. 


Port 1: Port 1 is an 8-bit bidirectional I/O port with in- 
ternal pullups. It receives the low-order address byte 
during program verification in the 8044 or 8744. Port 1 
can sink/source four LS TTL inputs. It can drive MOS 
inputs without external pullups. 


Twoof the Port I pins serve alternate functions, as listed 
below: 


Port Pin 
Alternate Function 
P1.6 
RTS (R~t 
to Send). In a non-loop config- 
uration, RTS signals that the 8044 is ready to 
transmit data. 


P1.7 
CTS (Clear to Send). In a non-loop config- 
uration, CTS signals to the 8044 that the re- 
ceiving station is ready to accept data. 


Port 2: Port 2 is an 8-bit bidirectional I/O port with in- 
ternal pullups. It emits the high-order address byte dur- 
ing accesses to external memory. It also receives the 
high-order address bits and control signals during pro- 
gram verification in the 8044 or 8744. Port 2 can sink/ 
source four LS TTL inputs. It can drive MOS inputs 
without external pullups. 


Port 3: Port 3 is an 8-bit bidirectional I/O port with in- 
ternal pullups. Port 3 can sink/source four LS TTL in- 
puts. It can drive MOS inputs without external pullups. 


Port 3 pins also serve alternate 
functions, as listed 
below: 


Alternate Function 
RXD (serial input port in loop configura- 
tion). I/O (data direction control in non- 
loop configuration). 
TXD (serial output port in loop config- 
uration). DATA input/output 
pin in non- 
loop configuration. 
INTO (external interrupt) 
INTI (external interrupt) 
TO(Timer 0 external input) 
TI (Timer I external input) SCLK (Se- 
rial Data Clock Input) 
P3.6 
WR (external Data Memory write strobe) 
P3.7 
RD (external Data Memory read strobe) 


RST /VPD: A high level on this pin for two machine cy- 
cles while the oscillator is running resets the device. An 


P3.2 
P3.3 
P3.4 


P3.5 


internal pulldown permits Power-On reset using only a 
capacitor connected to VCC. 


ALE/PROG: 
Address Latch Enable output for latching 
the low byte of the address during accesses to external 
memory. ALE is activated though for this purpose at a 
constant rate of 1/6 the oscillator frequency even when 
external memory is not being accessed. Consequently it 
can be used for external clocking or timing purposes. 
(However, one ALE pulse is skipped during each access 
to external Data Memory.) This pin is also the program 
pulse input (PROG) during EPROM programming. 


PSEN: Program Store Enable output is the read strobe 
to external Program Memory. PSEN is activated twice 
each machine cycle during fetches from external Pro- 
gram Memory. (However, when executing out of exter- 
nal Program 
Memory two activations of PSEN 
are 
skipped during each access to external Data Memory.) 
PSEN is not activated during fetches from internal Pro- 
gram Memory. 


EA/VPP: When EA is held high the CPU executes out 
of internal 
Program 
Memory 
(unless the Program 
Counter exceeds (OFFFH). When EA is held low the 
CPU executes only out of external Program Memory. In 
the 8344, EA must be externally wired low.In the 8744, 
this pin also receives the 21V programming supply volt- 
age (VPP) during EPROM programming. 


XTAL 1: Input to the inverting amplifier that forms the 
oscillator. Should be grounded when an external oscilla- 
tor is used. 


XTAL2: Output of the inverting amplifier that forms the 
oscillator, and input to the internal clock generator. Re- 
ceives the external oscillator signal when an external os- 
cillator is used. 
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CHAPTER 18 
THE 8044 SERIAL INTERFACE 
UNIT 


The serial interface provides a high-performance com- 
munication link. The protocol used for this communica- 
tion is based on the IBM Synchronous 
Data 
Link 


Control (SDLC). The serial interface also supports a 
subset of the ISO HDLC (International 
Standards Or- 


ganization High-Level Data Link Control) protocol. 


The SDLC/HDLC 
protocols have been accepted as 


standard 
protocols for many high-level teleprocessing 


systems. The serial interface performs many of the func- 
tions required to service the data link without interven- 
tion from the 8044's own CPU. The programmer is free 
to concentrate on the 8044's function as a peripheral 
controller, rather than having to deal with the details of 
the communication process. 


Five pins on the 8044 are involved with the serial inter- 
face (refer to Section 12.4, Family Pin Description, for 
details): 


Pin 7 
Pin 8 
Pin 10 
Pin 11 
Pin 15 


RTS/PI6 
CTS/PI7 
I/O/RXD/P30 
DATA/TXD/P31 
SCLK/Tl/P35 


Figure 18-1is a functional block diagram of the serial 
interface unit (SIU). More details on the SIU hardware 
are given in Section 18.9. 


The serial interface is capable of operating in three se· 
rial data link configurations: 


1) Half-Duplex, point-to-point 


2) Half-Duplex, multipoint (with a half-duplex or full- 
duplex primary) 


3) Loop 


Figure 18-2shows these three configurations. The RTS 
(Request to Send) and CTS (Clear to Send) hand- 
shaking signals are available in:the point-to-point 
and 


multipoint 
configurations. 


The serial interface can operate in an externally clocked 
mode or in a self clocked mode. 


Externally 
Clocked 
Mode 


In the externally clocked mode, a common Serial Data 
Clock (SCLK on pin 15) synchronizes the serial bit 
stream. This clock signal may come from the master 
CPU or primary station, or from an external phase- 
locked loop local to the 8044. Figure 18-3illustrates the 
timing relationships for the serial interface signals when 
the externally clocked mode is used in point -to-point 
and multipoint data link configurations. 
Incoming data is sampled at the rising edge of SCLK, 
and outgoing data is shifted out at the falling edge of 
SCLK. More detailed timing information is given in the 
8044 data sheet. 


Self Clocked 
(Asynchronous) 
Mode 
The self clocked mode allows data transfer without a 
common system data clock. Using an on-chip DPLL 
(digital phase locked loop) the serial interface recovers 
the data clock from the data stream itself. TheDPLL re- 
quires a reference clock equal to either 16 times or 32 
times the data rate. This reference clock may be exter- 
nally supplied or internally generated. When the serial 
interface generates this clock internally, it uses either 
the 8044's internal logic clock (half the crystal fre- 
quency's PH2) or the "timer I" overflow. Figure 18-4 
shows the serial interface signal timing relationships for 
the loop configuration, 
when the unclocked mode is 


used. 
The DPLL monitors the received data in order to derive 
a data clock that is centered on the received bits. Center- 
ing is achieved by detecting all transitions of the re- 
ceived data, and then adjusting the clock transition (in 
increments of 1/16 bit period) toward the center of the 
received bit. The DPLL converges to the nominal bit 
center within eight bit transitions, worst case. 


Toaid in the phase locked loop capture process, the 8044 
has a NRZI (non-return-to-zero 
inverted) data encod- 
ing and decoding option. NRZI coding specifies that a 
signal does not change state for a transmitted binary I, 
but does change state for a binary O.Using the NRZI 
coding with zero-bit insertion, it can be guaranteed that 
an active signal line undergoes a transition at least every 
six bit times. 


18.3 DATA RATES 
The maximum data rate in the externally clocked mode 
is 2.4M bits per second (bps) a half-duplex configura- 
tion, and 1.OMin a loop configuration. 
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In the self clocked mode with an external reference 
clock, the maximum data rate is 375K bps. 


In the self clocked mode with an internally generated 
reference clock, and the 8044 operating with a 12 MHz 
crystal, the available data rates are 244 bps to 62.5k bps, 
187.5K bps and 375K bps. 


For more details see the table in the SMD register de- 
scription, below. 


The Serial Interface Unit (SIU) can operate in either of 
two response modes: 


I) AUTO mode 


2) FLEXIBLE (NON-AUTO) mode 


In the AUTO mode, the SIU performs in hardware a 
subset of the SDLC protocol called the normal response 
mode. The AUTO mode enables the SIU to recognize 
and respond to certain kinds of SDLC frames without 
intervention from the 8044's CPU. AUTO mode pro- 
vides a faster turnaround time and a simplified software 
interface, whereas NON-AUTO mode provides a great- 
er flexibility with regard to the kinds of operation 
permitted. 


In AUTO mode, the 8044 can act only as a normal re- 
sponse mode secondary station-that 
is, it can transmit 
only when instructed to do so by the primary station. All 
such AUTO mode responses adhere strictly to IBM's 
SDLC definitions. 


In the FLEXIBLE mode, reception or transmission of 
each frame by the SIU is performed under the control 
of the CPU. In this mode the 8044 can be either a 
primary station or a secondary station. 


In both AUTO and FLEXIBLE modes, short frames, 
aborted frames, or frames which have had eRe's 
are 
ignored by the SIU. 


The basic format of an SDLC frame is as follows: 


~Address 
~ 
Information 
~ 


Format variations consist of omitting one or more of the 
fields in the SDLC frame. For example, a supervisory 
frame is formed by omitting the information field. Su- 
pervisory frames are used to confirm received frames, 
indicate ready or busy conditions, and to report errors. 
More details on frame formats are given in the SDLC 
Frame Format Options section, below. 


To enable the SIU to receive a frame in AUTO mode, 
the 8044 CPU sets up a receive buffer. This is done by 


writing two registers-Receive 
Buffer Start (RBS) Ad- 
dress and Receive Buffer Length (RBL). 


The SIU receives the frame, examines the control byte, 
and takes the appropriate action. If the frame is an in- 
formation frame, the SIU will load the receive buffer, 
interrupt the CPU (to have the receive buffer read), and 
make the required acknowledgement to the primary sta- 
tion. Details on these processes are given in the Oper- 
ation section, below. 


In addition to receiving the information frames, the SIU 
in AUTO mode is capable of responding to the following 
commands (found in the control field of supervisory 
frames) from the primary station: 


RR (Receive Ready): Acknowledges that the Pri- 
mary 
station 
has 
correctly 
received 
numbered 
frames up through NR -I, and that it is ready to re- 
ceive frame NR. 


RNR (Receive Not Ready): Indicates a temporary 
busy condition (at the primary station) due to buf- 
fering or other internal constraints. The quantity NR 
in the control field indicates the number of the frame 
expected after the busy condition ends, and may be 
used to acknowledge the correct reception of the 
frames up through NR-1. 


REJ (Reject): Acknowledges the correct reception 
offrames up through NR -I, and requests transmis- 
sion or retransmission starting 
at frame NR• The 
8044 is capable of retransmitting 
at most the pre- 
vious frame, and then only if it is still available in the 
transmit buffer. 


UP (Unnumbered 
Poll): Also called NSP (Non- 
Sequenced Poll) or ORP (Optional Response Poll). 
This command is used in the loop configuration. 


To enable the SIU to transmit an information frame in 
AUTO mode, the CPU sets up a transmit buffer. This is 
done by writing two registers-Transmit 
Buffer Start 
(TBS) Address and Transmit Buffer Length (TBL), 
and filling the transmit buffer with the information to 
be transmitted. 


When the transmit buffer is full, the SIU can automati- 
cally (without CPU intervention) send an information 
frame (I-frame) 
with the appropriate 
sequence num- 


bers, when the data link becomes available (when the 
8044 is polled for information). After the SIU has trans- 
mitted the I-frame, it waits for acknowledgement from 
the receiving station. If the acknowledgement is nega- 
tive, the SIU retransmits the frame. If the acknowledge- 
ment is positive, the SIU interrupts the CPU, to indicate 
that the transmit 
buffer may be reloaded with new 
information. 
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In addition to transmitting the information frames, the 
8m in AUTO mode is capable of sending the following 
responses to the primary station: 


RR (Receive Ready): Acknowledges that the 8044 
has correctly received numbered frames up through 
NR -I, 
and that it is ready to receive frame NR. 


RNR (Receive Not Ready): Indicates a temporary 
busy condition (at the 8044) due to buffering or oth- 
er internal constraints. The quantity NR in the con- 
trol field indicates the number of the frame expected 
after the busy condition ends, and acknowledges the 
correct reception of the frames up through NR -I. 


In the FLEXIBLE (or non-auto) mode, all reception 
and transmission is under the control of the CPU. The 
full SDLC and HOLC protocols can be implemented, as 
well as any bit-synchronous variants of these protocols. 


FLEXIBLE mode provides more flexibility than AUTO 
mode, but it requires more CPU overhead, and much 
longer recognition and response times. This is especially 
true when the CPU is servicing an interrupt that has 
higher priority t~an the interrupts from the SIU. 


In FLEXIBLE mode, when the SIU receives a frame, 
it interrupts the CPU. The CPU then reads the control 
byte from the Receive Control Byte (RCB) register. If 
the received frame is an information 
frame, the CPU 
also reads the information from the receive buffer, ac- 
cording to the values in the Receive Buffer Start (RBS) 
address register and the Received Field Length (RFL) 
register. 


In FLEXIBLE mode, the 8044can initiate transmissions 
without being polled, and thus it can act as the primary 
station. 
To initiate 
transmission 
or to generate 
a 


response, the CPU sets up and enables the SIU. The SIU 
then formats and transmits the desired frame. Upon 
completion of the transmission, without waiting for a 
positive acknowledgement from the receiving station, 
the sm interrupts the CPU. 


As mentioned above, variations on the basic SOLC 
frame consist of omitting one or more of the fields. The 
choice of which fields to omit, as well as the selection 
of AUTO mode versus FLEXIBLE mode, is specified 
by the settings of the following three bits in the Serial 
Mode Register (SMO) and the Status/Control 
Register 
(STS): 


SMO Bit 0: NFCS (No Frame Check Sequence) 


SMO Bit I: NB (Non-Buffered Mode-No 
Control 
Field) 


STS Bit I: AM (AUTO Mode or Addressed Mode) 


Figure 18-5shows how these three bits control the frame 
format. 


The following paragraphs discuss some properties of the 
standard SOLC format, and the significance of omitting 
some of the fields. 


18.5.1 Standard SOLC Format 


The standard SOLC format consists of an opening flag, 
an 8-bit address field, and 8-bit control field, an n-byte 
information 
field, a 16-bit Frame 
Check Sequence 
(FCS), and a closing flag. The FCS is based on the 
CCITT-CRC polynominal (X16 + X12 + X5 + I). The 
address and control fields may not be extended. Within 
the 8044, the address field is held in the Station Address 
(STAO) register, and the control field is held in the Re- 
ceive Control Byte (RCB) or Transmit Control Byte 
(TCB) register. The standard SOLC format may be 
used in either AUTO mode or FLEXIBLE mode. 


18.5.2 No Control Field (Non-Buffered Mode) 


When the control field is not present, the RCB and TCB 
registers are not used. The information field begins im- 
mediately after the address field, or, if the address field 
is also absent, immediately after the opening flag. The 
entire information field is stored in the 8044's on-chip 
RAM. If there is no control field, FLEXIBLE mode 
must be used. Control information may, of course, be 
present in the information 
field, and in this manner 
the No Control Field option may be used for imple- 
menting extended control fields. 


The No Address Field option is available only in con· 
junction with the No Control Field option. The STAO, 
RCB, and TCB registers are not used. When both these 
fields are absent, the information field begins immedi· 
ately after the opening flag. The entire information field 
is stored in on-chip RAM. FLEXIBLE mode must be 
used. Formats without an address field have the follow- 
ing applications: 


Point-to-point data links (where no addressing is 
necessary) 


Monitoring line activity (receiving all messages reo 
gardless of the address field) 


Extended addressing 


FRAME 
OPTION 
NFCS 
NB 


Standard 
SDLC 
0 
0 
FLEXIBLE 
Mode 


Standard 
SDLC 
0 
0 
AUTO 
Mode 


No Control 
Field 
0 
FLEXIBLE 
Mode 


No Control 
Field 
0 
No Address 
Field 
FLEXIBLE 
Mode 


No FCS Field 
0 
FLEXIBLE 
Mode 


No FCS Field 
0 
AUTO 
Mode 


No FCS Field 
No Control 
Field 
FLEXIBLE 
Mode 


No FCS Field 
No Control 
Field 
No Address 
Field 
FLEXIBLE 
Mode 


o~ 


~ 
~I 
__ 
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Key to Abbreviations: 


F = Flag (01111110) 
A = Address 
Field 
C = Control 
Field 
Note: The AM bit is AUTO mode control 
bit when NB = 0, and Address 
Mode control 
bit when NB = 1. 


I = Information 
Field 
FCS = Frame Check 
Sequence 


In the normal case (NFCS=O), 
the last 16 bits before 


the closing flag are the Frame Check Sequence (FCS) 
field. These bits are not stored in the 8044's RAM. 
Rather, they are used to compute a cyclic redundancy 
check (CRe) 
on the data in the rest of the frame. A re- 
ceived frame with a CRC error (incorrect FCS) is ig- 
nored. In transmission, the FCS field is automatically 
computed by the SIU, and placed in the transmitted 
frame just prior to the closing flag. 


The NFCS bit (SMD Bit 0) gives the user the capability 
of overriding this automatic feature. When this bit is set 
(NFCS= 
I), all bits from the beginning of the informa- 


tion field to the beginning of the closing flag are treated 
as part of the information field, and are stored in the on- 
chip RAM. No FCS checking is done on the received 
frames, and no FCS is generated for the transmitted 
frames. The No FCS Field option may be used in con- 
junction with any of the other options. It is typically used 
in FLEXIBLE mode, althought it does not strictly in- 
clude AUTO mode. Use of the No FCS Field option 


AUTO Mode may, however, result in SDLC protocol 
violations, since the data integrity is not checked by the 
SIU. 


Formats 
without 
an FCS 
field have the following 
applications: 


Receiving and transmitting 
frames without verify- 


ing data integrity 


Using an alternate data verification algorithm 


Using an alternate CRC-16 polynomial (such as Xl6 
+ XIS + X2 + I), or a 32-bit CRC 


Performing 
data 
link diagnosis by forcing false 
CRCs to test error detection mechanisms 


In addition to the applications mentioned above, all of 
the format variations are useful in the support of non- 
standard bit-synchronous protocols. 


In addition to its support of SDLC communications, the 
8044 also supports some of the capabilities of HDLC. 
The following remarks indicate the principal differences 
between SDLC and HDLC. 


HDLC permits any number of bits in the informa- 
tion field, whereas SDLC requires a byte structure 
(multiple of 8 bits). The 8044 itself operates on byte 
boundaries, and thus it restricts fields to multiples of 
8 bits. 


HDLC provides functional extensions to SDLC: an 
unlimited address field is allowed, and extended 
frame number sequencing. 


HDLC 
does 
not 
support 
operation 
in 
loop 


configurations. 


The 8044 CPU communicates with and controls the SIU 
through hardware registers. These registers are accessed 
using direct addressing. The SIU special function regis- 
ters (SIU SFRs) are of three types: 


Control and Status Registers 


Parameter Registers 


ICE Support Registers 


18.l1 Control and Status Registers 


There are three SIU Control and Status Registers: 


Serial Mode Register (SMD) 


Status/Command 
Register (STS) 


Send/Receive Count Register (NSNR) 


The SMD, STS, and NSNR registers are all cleared by 
system reset. This assures that the SIU will power up in 
an idle state (neither receiving nor transmitting). 


These registers and their bit assignments are described 
below (see also the More Details on Registers section). 


The Serial Mode Register (Address C9H) selects the 
operational modes of the sm. The 8044 CPU can both 
read and write SMD. The SIU can read SMD but can- 
not write to it. To prevent conflict between CPU and 
SIU access to SMD, the CPU should write SMD only 
when the Request To Send (RTSj 
and Receive Buffer 
Empty (RBE) bits (in the STS register) are both false 
(0). 
Normally, 
SMD 
is 
accessed 
only 
during 


initialization. 


The individual bits of the Serial Mode Register are as 
follows: 


The SCM bits decode as follows: 


SCM 


.1-..lJL 


000 
o 
0 
1 
010 
o 
I 
I 
100 


Bit # 
SMD.O 
SMD.l 


SMD.3 
SMD.4 


SMD.5 
SMD.6 
SMD.7 


Name 
Description 
NFCS 
No FCS field in the SDLC frame. 


NB 
Non-Buffered 
mode. 
No 
control 
field in the SDLC frame. 


PFS 
Pre-Frame 
Sync 
mode. 
In 
this 


mode, the 8044 transmits two bytes 
before the first flag of a frame, for 
DPLL synchronization. If NRZI is 
enabled, 
OOH is sent; otherwise, 


55H is sent. In either case, 16 pre- 
frame transitions are guaranteed. 


LOOP Loop configuration. 
NRZI 
NRZI coding option. 


SCMO Select Clock Mode - 
Bit 0 


SCMl 
Select Clock Mode - 
Bit 1 


SCM2 Select Clock Mode - 
Bit 2 


Clock Mode 
Externally clocked 
Undefined 
Self clocked, timer overflow 
Undefined 
Self clocked, external 16x 


Data Rate 
(Bits/see)· 
0-2.4M" 


SCM 


.1...!..Q. 


101 


1 
1 
0 


1 
1 
I 


Clock Mode 


Self clocked, external 32x 
Self clocked, internal fixed 
Self clocked, internal fixed 


Data Rate 
(Bits/see)* 


0-187.5K 
375K 
187.5k 


*Based on a 12 Mhz crystal frequency 
"0-1 
M bps in loop configuration 


The Status/Command 
Register (Address C8H) pro- 
vides operational control of the SIU by the 8044 CPU, 
and enables the SIU to post status information for the 
CPU's access. The SIU can read STS, and can alter cer- 
tain bits, as indicated below. The CPU can both read 
and write STS asynchronously. However, 2-cycle in- 
structions that access STS during both cycles ('lBC/B, 
REL' and 'MOV /B,C.') should not be used, since the 
SIU may write to STS between the two CPU accesses. 


The individual bits of the Status/Command 
Register 
are as follows: 


Bit' 
STS.O 
Name 
Description 
RBP 
Receive 
Buffer 
Protect. 
Inhibits 
writing of data into the receive buff- 
er. In AUTO mode, RBP forces an 
RNR response instead of an RR. 
AM 
AUTO Mode/Addressed Mode. Se- 
lects AUTO 
mode where AUTO 
mode is allowed. If NB is true, 
(= 1), the AM bit selects the ad- 
dressed mode. AM may be cleared 
by the SIU. 
OPB 
Optional 
Poll 
Bit. 
Determines 
whether the SIU will generate an 
AUTO response to an optional poll 
(UP with P=O). OPB may be set or 
cleared by the SIU. 


BOV 
Receive Buffer Overrun. BOV may 
be set or cleared by the SIU. 


SI 
SIU Interrupt. This is one of the five 
interrupt sources to the CPU. The 
vector location = 23H. SI may be 
set by the SIU. It should be cleared 
by the CPU before returning from 
an interrupt routine. 


RTS 
Rc;quest To Send. Indicates that the 
8044 is ready to transmit or is trans- 


mitting. RTS may be read or writ- 
ten by the CPU. RTS may be read 
by the SIU, and in AUTO mode 
may be written by the SIU. 


RBE 
Receive Buffer Empty. RBE can be 
thought of as Receive Enable. RBE 
is set to one by the CPU when it is 
ready to receive a frame, or has just 
read the buffer, and to zero by the 
SIU 
when 
a 
frame 
has 
been 
received. 


TBF 
Transmit Buffer Full. Written 
by 


the CPU to indicate that it has filled 
the transmit 
buffer. TBF may be 


cleared by the SIU. 


The Send/Receive Count Register (Address D8H) con- 
tains the transmit and receive sequence numbers, plus 
tally error indications. The SIU can both read and write 
NSNR. The 8044 CPU can both read and write NSNR 
asynchronously. However, 2-cycle instructions that ac- 
cess NSNR 
during both cycles ('lBC 
/B, REL', and 
'MOV /B,C') 
should not be used, since the SIU may 


write to NSNR between the two 8044 CPU accesses. 


The individual bits of the Send/Receive Count Register 
are as follows: 


Bit' 
Name 
Description 
NSNR.O 
SER 
Receive Sequence Error: 
NS (P) * NR (S) 


NSNR.I 
NRO 
Receive Sequence Counter-Bit 
0 
NSNR.2 
NRI 
Receive Sequence Counter-Bit 
I 
NSNR.3 
NR2 
Receive Sequence Counter-Bit 
2 


NSNR.4 
SES 
Send Sequence Error: 
NR (P) * NS (S) and 
NR (P) * NS (S) + I 


NSNR.5 
NSO 
Send Sequence Counter - 
Bit 0 
NSNR.6 
NSI 
Send Sequence Counter - 
Bit I 
NSNR.7 
NS2 
Send Sequence Counter - 
Bit 2 


18.7.2 Parameter 
Registers 


There are eight parameter registers that are used in con- 
nection with SIU operation. All eight registers may be 
read or written by the 8044 CPU. RFL and RCB are 
normally loaded by the SIU. 


STAD: Station Address 
Register 
(byte-addressable) 


The Station Address register (Address CEH) contains 
the station address. To prevent access conflict, the CPU 
should access STAD only when the SIU is idle (RTS=O 
and RBE=O). Normally, STAD is accessed only during 
initialization. 


TBS: Transmit 
Buffer Start Address 
Register 
(byte-addressable) 


The Transmit Buffer Start address register (Address 
DCH) points to the location in on-chip RAM for the be- 
ginning of the I-field of the frame to be transmitted. The 
CPU should access TBS only when the SIU is not trans- 
mitting a frame (when TBF=O). 


TBL: Transmit 
Buffer Length Register 
(byte-addressable) 


The Transmit Buffer Length register (Address DBH) 
contains the length (in bytes) of the I-field to be trans- 
mitted. A blank I-field (TBL=O) 
is valid. The CPU 
should access TBL only when the SIU is not transmit- 
ting a frame (when TBF=O). 


NOTE: The transmit and recieve buffers are not allowed 
to "wrap around" in the on-chip RAM. A "buffer end" 
is automatically 
generated 
if address 191 (BFH) 
is 
reached. 


TCB: Transmit 
Control Byte Register 
(byte-addressable) 


The Transmit Control Byte register (Address DAH) 
contains the byte which is to be placed in the control 
field of the transmitted 
frame, during NON-AUTO 
mode transmission. The CPU should access TCB only 
when the SIU 
is not transmitting 
a frame 
(when 
TBF=O). The Ns and NR counters are not used in the 
NON-AUTO 
mode. 


RBS: Receive 
Buffer Start Address 
Register 
(byte-addressable) 


The Receive Buffer Start 
address register (Address 
CCH) points to the location in on-chip RAM where the 
beginning of the I-field ofthe frame being received is to 
be stored. The CPU should write RBS only when the 
SIU is not receiving a frame (when RBE=O). 


RBL: Receive 
Buffer Length Register 
(byte-addressable) 


The Receive Buffer Length register (Address CBH) 
contains the length (in bytes) of the area in on-chip 


RAM allocated for the received I-field. RBL=O is val- 
id. The CPU should write RBL only when RBE=O. 


RFL: Receive 
Field Length Register 
(byte-addressable) 


The Received Field Length register (Address CDH) 
contains the length (in bytes) of the received I -field that 
has just been loaded into on-chip RAM. RFL is loaded 
by the SIU. RFL=O is valid. RFL should be accesssed 
by the CPU only when RBE=O. 


RCB: Receive 
Control Byte Register 
(byte-addressable) 


The Received Control Byte register (Address CAH) 
contains the control field of the frame that has just been 
received. RCB is loaded by the SIU. The CPU can only 
read RCB, and should only access RCB when RBE=O. 


18.7.3 ICE Support 
Registers 


The 8044 In-Circuit Emulator (ICE-44) allows the user 
to exercise the 8044 application system and monitor the 
execution of instructions in real time. 


The emulator operates with Intel's Intellec8 develop- 
ment system. The development system interfaces with 
the user's 8044 system through an in-cable buffer box. 
The cable terminates 
in a 8044 pin-compatible 
plug, 
which fits into the 8044 socket in the user's system. With 
the emulator plug in place, the user can excercise his sys- 
tem in real time while collecting up to 255 instruction 
cycles of real-time data. In addition, he can single-step 
the program. 


Static RAM is available (in the in-cable buffer box) to 
emulate the 8044 internal and external program mem- 
ory and external data memory. The designer can display 
and alter the contents of the replacement memory in the 
buffer box, the internal data memory, and the internal 
8044 registers, including the SFRs. 


Among the SIU SFRs are the following registers that 
support the operation of the ICE: 


DMA CNT: DMA Count Register 
(byte-addressable) 


The DMA Count register (Address CFH) indicates the 
number of bytes remaining in the information block that 
is currently being used. 


FIFO: Three-Byte 
(byte-addressable) 


The Three-Byte 
FIFO 
(Address 
DDH, 
DEH, 
and 
DFH) is used between the eight-bit shift register and the 
information 
buffer 
when 
an 
information 
block is 
received. 


SIUST: SIU State Counter 
(byte-addressable) 


The SIU State Counter (Address D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, care must be taken not to write into this 
register. 


The SIUST register can serve as a helpful aid to deter- 
mine which field of a receive frame that the SIU expects 
next. The table below will help in debugging 8044 recep- 
tion problems. 


SIUST 
VALUE FUNCTION 
01H 
Waiting for opening flag. 
08H 
Waiting for address field. 


10H 
Waiting for control field. 


18H 
Waiting for first byte of I field. This state is 
only entered if a FCS is expected. It pushes 
the received byte onto the top of the FIFO. 


20H 
Waiting for second byte of I field. This state 
always follows state 18H 
28H 
Waiting for I field byte. This sate can be en- 


Example I: 
Frame Format 
SIUSTValue 


Example 2: 
Frame Format 
SIUSTValue 


Example 3: 
Frame Format 
SIUSTValue 


Example 4: 
Frame Format 
SIUST Value 


Example 5: 
Frame Format 
SIUSTValue 


Example 6: 
Frame Format 
SIUSTValue 


tered from state 20H or from states OIH, 
08H, or IOH depending upon the SIU's mode 
configuration. (Each time a byte is received, 
it is pushed onto the top of the FIFO and the 
byte at the bottom is put into memory. For no 
FCS formatted frames, the FIFO iscollapsed 
into a single register). 
30H 
Waiting for the closjng flag after 
having 
overflowed the receive buffer. Note that even 
if the receive frame overflows the assigned re- 
ceive buffer length, the FCS is still checked. 


Examples of SIUST 
status 
sequences for different 
frame 
formats 
are shown below. Note 
that 
status 
changes after acceptance of the received field byte. 


The SIU is initialized by a reset signal (on pin 9), fol- 
lowed by write operations to the SIU SFRs. Once initial- 
ized, the SIll can function in AUTO mode or NON- 
AUTO mode. Details are given below. 


Frame Option 
NFCS 
NB 
AM 
--- 
- 
001 


~ 
I 
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2_8 __ 
[QIJ 
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30 


18.8.1 Initialization 


Figure 18-6is the SIU. Registers SMO, STS, and NSNR 
are cleared by reset. This puts the 8044 into an idle 
state-neither 
receiving nor transmitting. The follow- 


ing registers must be initialized before the 8044 leaves 
the idle state: 


STAO-to 
establish 
the 
8044's 
SOLC 
station 
address. 


SMO-to 
configure the 8044 for the proper operat- 
ing mode. 


RBS, RBL-to 
define the area in RAM allocated 
for the Receive Buffer. 


END·OF· 
FRAME 
FLEXIBLE 
MODE 


TBS, TBL-to 
define the area in RAM allocated for 
the Transmit Buffer. 


Once these registers have been initialized, the user may 
write to the STS register to enable the SIU to leave the 
idle state, and to begin transmits and/or receives. 


Setting RBE to I enables the SIU for receive. When 
RBE = I, the SIU monitors the received data stream 
for a flag pattern. When a flag pattern is found, the SIU 
enters Receive mode and receives the frame. 


Setting RTS to I enables the SIU for transmit. When 
RTS = I, the SIU monitors the received data stream for 
a GA pattern (loop configuration) or waits for aCTS 


STRT REC 
- 
RBE. FLAG 
STRT XMIT ~ 
RTS. (CTS. LOOP + GA. LOOP) 
WAIT 
- 
NOT (STRT 
REC + STRT XMID 


(non-loop configuration). When the GA or CTS arrives, 
the SIU enters Transmit mode and transmits a frame. 


In AUTO mode, the SIU sets RTS to enable automatic 
transmissions of appropriate responses. 


Figure 18-7 illustrates the receive operations in AUTO 
mode. The overall operation is shown in Figure 18-7a. 
Particular cases are illustrated in Figures 18-7bthrough 
18-7j. If any Unnumbered 
Command other than UP 
is received, the AM bit is cleared and the SIU responds 
as if in the FLEXIBLE mode, by interrupting the CPU 
for supervision. This will also happen if a BOY or SES 
condition occurs. If the received frame contains a poll, 
the SIU sets the RTS bit to generate a response. 


Figure 18-8illustrates the transmit operations in AUTO 
mode. When the SIU gets the opportunity to transmit, 
and if the transmit buffer is full, it sends an I-frame. 
Otherwise, it sends an RR if the buffer is free, or an 
RNR if the buffer is protected. The sequence counters 
NS and NR are used to construct the appropriate con- 
trol fields. 


Figure 18-9shows how the CPU responds to an SI (serial 
interrupt) in AUTO mode. The CPU tests the AM bit 
(in the STS register). If AM = I, it indicates that the 
SIU has received either an I-frame, 
or a positive 
response to a previously transmitted 
I-frame. 


18.8.3 FLEXIBLE Mode 
Figure 18-10illustrates the receive operations in NON- 
AUTO mode. When the SIU successfully completes a 
task, it clears RBF and interrupts the CPU by setting 
SI to I. The exact CPU response to SI is determined 
by software. A typical response is shown in Figure 18-11. 


Figure 
18-12 illustrates 
the transmit 
operations 
in 
FLEXIBLE mode. The SIU does not wait for a positive 
acknowledge response to the transmitted frame. Rather, 
it interrupts the CPU (by setting SI to I) as soon as it 
finishes transmitting the frame. The exact CPU response 
to SI is determined by software. A typical response is 
shown in Figure 18-13.This response results in another 
transmit frame being set up. The sequence of opera- 
tions shown in Figure 18-13can also be initiated by the 
CPU, 
without an SI. Thus the CPU can initiate a 
transmission in FLEXIBLE mode without a poll, simply 
by setting the RTS bit in the STS register. The RTS bit 
is always used to initiate a transmission, 
but it is ap- 
plied to the RTS pin only when a non-loop configura- 
tion is used. 


18.8.4 8044 Data Link Particulars 


The following facts should be noted: 


I) In a non-loop configuration, 
one or two bits are 
transmitted 
before the opening flag. This is neces- 


sary for NRZI synchronization. 


2) In a non-loop configuration, one to eight extra drib- 


ble bits are transmitted after the closing flag. These 
bits are a zero followed by ones. 


3) In a loop configuration, when a GA is received and 
the 
8044 begins 
transmitting, 
the 
sequence 
is 


01111110101111110 ... 
(FLAG, 
I, FLAG, AD- 


DRESS, etc.). The first flag is created from the GA. 
The second flag begins the message. 


4) CTS is sampled after the rising edge of the serial 
data, at about the center of the bit cell, except during 
a non-loop, externally clocked mode transmit, 
in 
which case it is sampled just after the falling edge. 


5) The SIU does not check for illegal I-fields. In par- 
ticular, if a supervisory command is received in 
AUTO mode, and if there is also an I-field, it will be 
loaded into the receive buffer (if RBP=O), 
but it 
cannot cause a BOY. 


6) In relation to the Receive Buffer Protect facility, the 
user should set RFL to 0 when clearing RBP, such 
that, if the SIU is in the process of receiving a frame, 
RFL will indicate the proper value when reception of 
the frame has been completed. 


18.8.5 Turn Around Timing 


In AUTO mode, the SIU generates an RTS immediate- 
ly upon being polled. Assuming that the 8044 sends an 
information frame in response to the poll, the primary 
station sends back an acknowledgement. If, in this ac- 
knowledgement, the 8044 is polled again, a response 
may be generated even before the CPU gets around to 
processing the interrupt caused by the acknowledge. In 
such a case, the response would be an RR (or RNR), 
since TBF would have been set to 0 by the SIU, due to 
the acknowledge. 


If the system designer does not wish to take up channel 
time with RR responses, but prefers to generate a new 1- 
frame as a response, there are several ways to accom- 
plish this: 


I) Operate the 8044 in FLEXIBLE mode. 


2) Specify that the master should never acknowledge 
and poll in one message. This is typically how a loop 
system operates, with the poll operation confined to 
the UP command. This leaves plenty of time for the 
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Figure 18-7e. SIU AUTO Mode Receive Flowchart-I 
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Figure 18-71. SIU AUTO Mode Receive Flowchart-I 
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Figure 18-7g. SIU AUTO Mode Receive Flowchart-I 
Command: Sequence Error Send, Current 
Received I-Field In Sequence 
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8044 to get its transmit buffer loaded with new infor- 
mation after an acknowledge. 


3) The 8044 CPU can clear RTS. This will prevent a re- 


sponse from being sent, or abort it if it is already in 
progress. A system using external RTS/CTS 
hand- 
shaking could use a one-shot to delay RTS or CTS, 
thereby giving the CPU more time to disable the 
response. 


18.9 MORE DETAILS ON SIU HARDWARE 


The SIU divides functionally into two sections-a 
bit 
processor (BIP) and a byte processor (BYP)-sharing 
some common timing and control logic. As shown in 
Figure 18-14,the BIP operates between the serial port 
pins and the SIU bus, and performs 
all functions 
necessary to transmit/receive 
a byte of data to/from 
the serial data stream. These operations include shift- 
ing, NRZI encoding/decoding, 
zero insertion/deletion, 
and FCS generation/checking. 
The BYP manipulates 
bytes of data to perform message formatting, and other 
transmitting 
and receiving functions. 
It operates be- 
tween the SIU bus (SIB) and the 8044's internal bus (lB). 
The interface between the SIU and the CPU involves 
an interrupt and some locations in on-chip RAM space 
which are managed by the BYP. 


The maximum possible data rate for the serial port is 
limited to 1/2 the internal clock rate. This limit is im- 
posed by both the maximum rate of DMA to the on-chip 
RAM, and by the requirements of synchronizing to an 
external clock. The internal clock rate for an 8044 run- 
ning on a 12 MHz crystal is 6 MHz. Thus the maximum 
8044 serial data rate is 3 MHz. This data rate drops 
down to 2.4 MHz when time is allowed for external 
clock synchronization. 


In the asynchronous (self clocked) modes the clock is 
extracted from the data stream using the on<hip digital 
phase-locked-loop (DPLL). The DPLL requires a clock 
input at 16 times the data rate. This 16 X clock may 
originate from SCLK, Timer 1 Overflow, or PH2 (one 
half the oscillator frequency). The extra divide by-two 
described above allows these sources to be treated 
alternatively as 32 X clocks. 


The DPLL is a free-running four-bit counter running off 
the 16X clock. When a transition is detected in the re- 
ceive data stream, a count is dropped (by suppressing 
the carry-in) if the current count value is greater than 8. 
A count is added (by injecting a carry into the second 
stage rather than the first) if the count is less than 8. No 


adjustment is made if the transition occurs at the count 
of 8. In this manner the counter locks in on the point at 
which transitions in the data stream occur at the count 
of 8, and a clock pulse is generated when the count over- 
flows to O. 


In order to perform NRZI decoding, the NRZI decoder 
compares each bit of input data to the previous bit. 
There are no clock delays in going through the NRZI 
decoder. 


The zero insert/delete circuitry (ZID) performs zero in- 
sertion/deletion, 
and also detects flags, GA's 
(Go- 
Ahead's), and aborts (same as GA's) in the data stream. 
The pattern 1111110 is detected as an early GA, so that 
the GA may be turned 
into a flag for loop mode 
transmission. 


The shut-off detector monitors the receive data stream 
for a sequence of eight zeros, which is a shut-off com- 
mand for loop mode transmissions. The shut-off detector 
is a three-bit counter which is cleared whenever a one is 
found in the receive data stream. Note that the ZID log- 
ic could not be used for this purpose, because the receive 
data must be monitored even when the ZID is being used 
for transmission. 


As an example of the operation of the bit processor, the 
following sequence occurs in relation to the receive data: 


1) RXD is sampled by SCLK, and then synchronized to 
the internal processor clock (IPC). 


2) If the NRZI mode is selected, the incoming data is 
NRZI decoded. 


3) When receiving other than the flag pattern, the ZID 
deletes the '0' after 5 consecutive' l's (during trans- 
mission this zero is inserted). The ZID locates the 
byte boundary for the rest of the circuitry. The ZID 
deletes the 'O's by preventing the SR (shift register) 
from receiving a clocking pulse. 


4) The FCS (which is a function of the data between 
the flags-not 
including the flags) is initialized and 
started at the detection of the byte boundary at the 
end of the opening flag. The FCS is computed each 
bit boundary until the closing flag is detected. Note 
that the received FCS has gone through the ZID 
during transmission. 


18.9.2 The Byte Processor 


Figure 18-15is a block diagram of the byte processor 
(BYP). The BYP contains the registers and controllers 
necessary to perform the data manipulations associated 
with SDLC communications. The BYP registers may be 
read or written by the CPU over the 8044's internal bus 
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(IB), using standard 8044 hardware register operations. 
The 8044 register select PLA controls these operations. 
Three of the BYP registers connect to the IB through the 
IBS, a sub-bus which also connects to the CPU interrupt 
control registers. 
Simultaneous access of a register by both the IB and the 
SIB is prevented by timing. In particular, RAM access 
is restricted to alternate internal processor cycles for the 
CPU and the SIU, in such a way that collisions do not 
occur. 
As an example of the operation ofthe byte processor, the 
following sequence occurs in relation to the receive data: 


1) Assuming that there is an address field in the frame, 
the BYP takes the station address from the register 
file into temporary storage. After the opening flag, 


the next field (the address tield) is compared to the 
station address in the temporary storage. If a match 
occurs, the operation continues. 


2) Assuming that there is a control field in the frame, 
the BYP takes the next byte and loads it into the 
RCB register. The RCB register has the logic to up- 
date the NSNR register (increment receive count, 
set SES and SER flags, etc.). 


3) Assuming that there is an information field, the next 


byte is dumped into RAM at the RBS location. The 
DMA CNT (RBL at the opening flag) is loaded 
from the DMA CNT register into the RB register 
and decremented. The RFL is then loaded into the 
RB register, incremented, and stored back into the 
register file. 
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4) This process continues until the DMA CNT reaches 
zero, or until a closing flag is received. Upon either 
event, the BYP updates the status, and, if the CRC is 
good, the NSNR register. 


An SIU test mode has been provided, so that the on-chip 
CPU can perform limited diagnostics on the SIU. The 
test mode utilizes the output latches for P3.0 and P3.1 
(pins 10 and 11). These port 3 pins are not useful as 
out-put ports, since the pins are taken up by the serial 
port functions. Figure 18-16shows the signal routing 
associated with the SIU test mode. 


Writing a 0 to P3.1 enables the serial test mode (P3.1 is 
set to 1 by reset). In test mode the P3.0 bit is mapped 


into the received data stream, and the 'write port 3' con- 
trol signal is mapped into the SCLK path in place ofT!. 
Thus, in test mode, the CPU can send a serial data 
stream to the SIU by writing to P3.0. The transmit data 
stream can be monitored by reading P3.1. Each suces- 
sive bit is transmitted from the SIU by writing to any bit 
in Port 3, which generates SCLK. 


In test mode, the P3.0 and P3.1 pins are placed in a high 
voltage, high impedance state. When the CPU reads 
P3.0 and P3.1 the logic level applied to the pin will be 
returned. In the test mode, when the CPU reads 3.1, the 
transmit data value will be returned, not the voltage on 
the pin. The transmit data remains constant for a bit 
time. Writing to P3.0 will result in the signal being out- 
putted for a short period of time. However, since the sig- 
nal is not latched, P3.0 will quickly return to a high 
voltage, high impedance state. 
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The serial test mode is disabled by writing a 1 to P3.1. 
Care must be taken that a 0 is never written to P3.l in 
the course of normal operation, since this causes the test 
mode to be entered. 


Figure 18-17is an example of a simple program seg- 
ment that can be imbedded into the user's diagnostic 
program. That example shows how to put the 8044 
into "Loop-back mode" to test the basic transmitting 
and receiving functbns 
of the SID. 


Loop-back mode is functionally equivalent to a hardwire 
connection between pins 10 and lion 
the 8044. 


In this example, the 8044 CPU plays the role of the pri- 
mary station. The sm is in the AUTO mode. The CPU 
sends the SIU a supervisory frame with the poll bit set 
and an RNR command. The SIU responds with a super- 
visory frame with the poll bit set and an RR command. 


The operation proceeds as follows: 


Interrupts are disabled, and the self test mode is enabled 
by writing a zero to P3.1. This establishes P3.0 as the 
data path from the CPU to the sm. CTS (clear-to- 
send) is enabled by writing a zero to P1.7. The station 
address is initialized by writing 08AH into the STAD 
(station address register). 


The SIU is configured for receive operation in the 
clocked mode and in AUTO mode. The CPU then trans- 
mits a supervisory frame. This frame consists of an 


opening flag, followed by the station address, a control 
field indicating that this is a supervisory frame with an 
RNR command, and then a'closing flag. 


Each byte of the frame is transmitted 
by writing that 
byte into the A register and then calling the subroutine 
XMIT8. Two additional SCLKs are generated to guar- 
antee that the last bits in the frame have been clocked 
into the SIU. Finally the CPU reads the status register 
(STS). If the operation has proceeded correctly, the sta- 
tus will be 072H. If it is not, the program jumps to the 
ERROR loop and terminates. 


The SIU generates an SI (SIU interrupt) 
to indicate 
that it has received a frame. The CPU clears this inter- 
rupt, and then begins to monitor the data stream that is 
being generated by the SIU in response to what it has 
received. As each bit arrives (via P3.l), it is moved into 
the accumulator, and the CPU compares the byte in the 
accumulator 
with 07EH, which is the opening flag. 


When a match occurs, the CPU identifies this as byte 
boundary, 
and thereafter 
processes the information 
byte-by-byte. 


The CPU calls the RCV8 subroutine to get each byte 
into the accumulator. The CPU performs compare oper- 
ations on (successively) the station address, the control 
field (which contains the RR response), and the closing 
flag. If any of these do not compare, the program jumps 
to the ERROR loop. If no error is found, the program 
jumps to the DONE loop. 
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CHAPTER 
19 
8044 APPLICATION 
EXAMPLES 


19.1 INTERFACING 
THE 8044 TO A 
MICROPROCESSOR 


The 8044 is designed to serve as an intelligent controller 
for remote peripherals. However, it can also be used as an 
intelligent HDLC/ SDLC front end for a microprocessor, 
capable of extensively off-loading link control functions 
for the CPU. In some applications, the 8044can even be 
used for communications preprocessing, in addition to 
data link control. 


This section describes a sample hardware interface for 
attaching the 8044 to an 8088. It is general enough to be 
extended to other microprocessors such as the 8086 or 
the 80186. 


A sample interface is shown in Figure 19-1. Transmis- 
sion occurs when the 8088 loads a 64 byte block of mem- 
ory with some known data. The 8088 then enables the 
8237A to DMA this data to the 8044. When the 8044 
has received all of the data from the 8237A, it sends the 
data in a SDLC frame. The frame is captured by the 
Spectron Datascope@* which displays it on a CRT in 
hex format. 


In reception, the Datascope sends an SDLC information 
frame to the 8044. The 8044 receives the SDLC frame, 
buffers it, and sends it to the 8088's memory. In this ex- 
ample the 8044 is being operated in the NON-AUTO 
mode; therefore, it does not need to be polled by a prima- 
ry station in order to transmit. 


THE INTERFACE 


The 8044 does not have a parallel slave port. The 8044's 
32 I/O lines can be configured as a local microprocessor 
bus master. In this configuration, the 8044 can expand 
the ROM and RAM memory, control peripherals, and 
communicate with a microprocessor. 


The 8044, like the 8051, does not have a Ready line, so 
there is no way to put the 8044 in wait state. The clock 
on the 8044 cannot be stopped. Dual port RAM could 
still be used, however,software arbitration would be the 
only way to prevent collisions. Another way to interface 
the 8044 with another CPU is to put a FIFO or queue 
between the two processors, and this was the method 
chosen for this design. 


Figure 19-2 shows the schematic of the 8044/8088 inter- 
face. It involves two 8 bit tri-state latches, two SR flip- 
flops, and some logic gates (6 TTL packs). The circuitry 
implements a one byte FIFO. RS422 transceivers are used, 
which can be connected to a multidrop link. Figure 19-3 
shows the 8088 and support circuitry; the memory and 
decoders are not shown. It is a basic 8088 Min Mode 


system with an 8237A DMA controller and an 8259A 
interrupt controller. 


DMA Channel One transfers a block of memory to the 
tri-state latch, while Channel Zero transfers a block of 
data from the latch to 8088's memory. The 8044's Inter- 
rupt 0 signal vectors the CPU into a routine which reads 
from the internal RAM and writes to the latch. The 
8044's Interrupt 
I signal causes the chip to read from 
the latch and write to its on-chip data RAM. Both DMA 
requests and acknowledges are active low. 


Initially, when the power is applied, a reset pulse coming 
from the 8284A initializes the SR flip-flops. In this ini- 
tialization state, the 8044's transmit interrupt and the 
8088's transmit DMA request are active; however, the 
software keeps these signals disabled until either of the 
two processors are ready to transmit. 
The software 
leaves the receive signals enabled, unless the receive 
buffers are full. In this way either the 8088 or the 8044 
are always ready to receive, but they must enable the 
transmit 
signal. when they have prepared a block to 
transmit. After a block has been transmitted or received, 
the DMA and interrupt 
signals return to the initial 
state. 


The receive and transmit buffer sizes for the blocks of 
data sent between the 8044 and the 8088 have a maxi- 
mum fixed length. In this case the buffer size was 64 
bytes. The buffer size must be less than 192 bytes to en- 
able 8044 to buffer the data in its on-chip RAM. This 
design allows blocks of data that are less than 64 bytes, 
and accommodates networks that allow frames of vary- 
ing size. The first byte transferred between the 8088 and 
the 8044 is the byte count to follow; thus the 8044 knows 
how many bytes to receive before it transmits the SDLC 
frame. However, when the 8044 sends data to the 8088's 
memory, the 8237A will not know if the 8044 will send 
less than the count the 8237A was programmed for. To 
solve this problem, the 8237A is operated in the single 
mode. The 8044 uses an I/O bit to generate an interrupt 
request to the 8259A. In the 8088's interrupt routine, 
the 8237A's receive DMA channel is disabled, thus al- 
lowing blocks of data less than 64 bytes to be received. 


The software for the 8044 and the 8088 is shown in Ta- 
ble 19-1. The 8088 software was written in PL/M86, 
and 
the 
8044 
software 
was 
written 
in assembly 
language. 


The 8044 software begins by initializing the stack, inter- 
rupt priorities, and triggering types for the interrupts. 
At this point, the SIU parameter registers are initial- 
ized. The receive and transmit buffer starting addresses 
and lengths are loaded for the on-chip DMA. This DMA 
is for the serial port. The serial station address and the 
transmit control bytes are loaded too. 


,----- 


I 
I 
I 
I 
I 
I 
I 
I 


Once the initialization has taken place, the SIU inter- 
rupt is enabled, and the external interrupt which re- 
ceives bytes from the 8088 is enabled. Setting the 8044's 
Receive Buffer Empty (RBE) bit enables the receiver. If 
this bit is reset, no serial data can be received. The 8044 
then waits in a loop for either RECEIVE DMA inter- 
rupt or the SERIAL INT interrupt. 


The RECEIVE DMA interrupt occurs when the 8237A 
is transferring a block of data to the 8044. The first time 
this interrupt occurs, the 8044 reads the latch and loads 
the count value into the R2 register. On subsequent in- 
terrupts, the 8044 reads the latch, loads the data into the 
transmit buffer, and decrements R2. When R2 reaches 
zero, the interrupt routine sends the data in an SDLC 
frame, and disables the RECEIVE 
DMA interrupt. 


After the frame has been transmitted, a serial interrupt 
is generated. The SERIAL INT routine detects that a 
frame has been transmitted 
and re-enables the RE- 
CEIVE DMA interrupt. Thus, while the frame is being 
transmitted 
through the SIU, the 8237A is inhibited 
from sending data to the 8044's transmit buffer. 


The TRANSMIT 
DMA routine sends a block of data 


from the 8044's receive buffer to the 8088's memory. 
Normally this interrupt remains disabled. However, if a 
serial interrupt occurs, and the SERIAL INT routine 
detects that a frame has been received, it calls the 
SEND 
subroutine. 
The SEND 
subroutine loads the 
number of bytes which were received in the frame into 
the receive buffer. Register RI points to the receive buff- 


er and R2 is loaded with the count. The TRANSMIT 
DMA interrupt is enabled, and immediately upon re- 
turning from the SERIAL INT routine, the interrupt is 
acknowledged. Each time the TRANSMIT 
DMA in- 
terrupt occurs, a byte is read from the receive buffer, 
written to the latch, and R2 is decremented. When R2 
reaches 0, the TRANSMIT 
DMA interrupt is disabled, 


the SIU receiver is re-enabled, and the 8044 interrupts 
the 8088. 


The 8088 software simply transmits a block of data and 
receives a block of data, then stops. The software begins 
by initializing the 8237A, and the 8259A. It then loads a 
block of memory with some data and enables the 8237A 
to transmit the data. In the meantime the 8088 waits in a 
loop. After a block of data is received from the 8044, the 
8088 is interrupted, and it shuts off the 8237A receive 
DMA. 


CONCLUSION 


For the software shown in Table 19-1,the transfer rate 
from the 8088's memory to the 8044 was measured at 
75K bytes/sec. This transfer rate largely depends upon 
the number of instructions in the 8044's interrupt service 
routine. Fewer instructions result in a higher transfer rate. 


There are many ways of interfacing the 8044 locally to 
another microprocessor: FIFO's, dual port RAM with 
software arbitration, and 8255's are just a few. Alterna- 
tive approaches, which may be more optimal for certain 
applications, are certainly possible. 
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OBJ 
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SOURCE 
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1 
Sdebug 
title 
(8044/8088 
INTERFACE) 
2 
3 
ססoo 
4 
FIRST-BYTE 
BIT 
0 
; FLAG 
5 
ססoo 
6 
ORG 
0 
ססoo 8024 
7 
SJMP 
INIT 
8 
0026 
9 
ORG 
26H 
10 
0026 7581AA 
11 
INIT: 
MOV 
SP, (1170 
; INITIALIZE 
STACK 
0029 75B8oo 
12 
MOV 
IP,IOO 
; ALL INTERRUPTS 
ARE EQUAL PRIORITY 
OO2C 75C954 
13 
MOV 
SMD,(l54H 
; TIMER I OVERFLOW, NRZI, PRE-FRAME SYNC 
oo2F 758844 
14 
MOV 
TCON,(l44H 
; EDGE TRIGGERED 
EXTERNAL 
INTERRUPT 
I 
15 
; LEVEL TRIGGERED 
EXTERNAL 
INTERRUPT 
0 
16 
; TIMER I ON 
0032 758DEC 
17 
MOV 
THI, (lOECH 
; INITIALIZE 
TIMER, 3125 BPS 
0035 758920 
18 
MOV 
TMOD, (i20H 
; TIMER I AUTO RELOAD 
19 
0038 75DC6A 
20 
MOV 
TBS, 1106 
; SET UP SIU PARAMETER 
REGISTERS 
oo3B 75DB40 
21 
MOV 
TBL, (164 
oo3E 75CC2A 
22 
MOV 
RBS, (142 
0041 75CB40 
23 
MOV 
RBL, (164 
0044 75CE55 
24 
MOV 
STAD,(l55H 
0047 75DAII 
25 
MOV 
TCB, (loooloooIB; 
RR, P/F=I 
26 
OO4A 901000 
27 
MOV 
DPTR, (lloooH 
; DPTR POINTS TO TRI-STATE LATCH 
OO4D D200 
28 
SETB 
FIRST-BYTE 
; FLAG TO INDICATE FIRST BYTE 
29 
; FOR RECEIVE INTERRUPT 
ROUTINE 
oo4F D2CE 
30 
SETB 
RBE 
; READY TO RECEIVE 
0051 75A894 
31 
MOV 
IE, (lloolOlooB 
; ENABLE RECEIVE DMA AND SIU INTERRUPT 
32 
0054 80FE 
33 
SJMP 
S 
; WAIT HERE FOR INTERRUPTS 
34 
0056 80FE 
35 
ERROR: 
SJMP 
ERROR 
36 +1 SEJ 


0058 85CD29 
oo5B 7929 
005D AACD 
oo5F OA 
0060 D2A8 
0062 22 


0063 
0013 
0013 020063 
0063 


MOV 
MOV 
MOV 
INC 
SETB 
RET 


41,RFL 
RI,(l41 
R2, RFL 
R2 
EXO 


; FIRST BYTE IN BLOCK IS COUNT 
; POINT TO BLOCK OF DATA 
; LOAD COUNT 


LOC_TMPSET 
ORG 
LJMP 
ORG 


$ 
; SET UP INTERRUPT 
TABLE JUMP 
oo13H 
RECEIVE...DMA 
LOC_TMP 


JO 
0063 lOOOOE 
57 
1BC 
FIRST-BYTE, U ;THE FIRST BYTE TRANSFERRED IS THE COUNT 
58 
0066 EO 
59 
MOVX 
A,@DPTR 
; READ THE LATCH 
0067 F6 
60 
MOV 
@RO,A 
; PUT IT IN TRANSMIT 
BUFFER 
0068 08 
61 
INC 
RO 
0069 DA08 
62 
D1NZ 
R2, L2 
; AFTER READING 
BYTES, 
63 
oo6B D2CF 
64 
SETB 
TBF 
; SEND DATA 
006D D2CD 
65 
SETB 
RTS 
006F D200 
66 
SETB 
FIRSLBYTE 
0071 C2AA 
67 
CLR 
EXI 
68 
0073 32 
69 
L2: 
RETI 
70 
0074 786A 
71 
U: 
MOV 
RO, #106 
; RO IS A POINTER TO THE TRANSMIT 
72 
; BUFFER STARTING ADDRESS 
0076 EO 
73 
MOVX 
A,@DPTR 
; PUT THE FIRST BYTE INTO 
0077 FA 
74 
MOV 
R2,A 
; R2 FOR THE COUNT 
0078 32 
75 
RETI 
76 
0079 
77 
LOLTMPSET 
$ 
0003 
78 
ORG 
ooom 
0003 020079 
79 
LJMP 
TRANSMILDMA 
0079 
80 
ORG 
LOLTMP 
81 


82 
TRANSMILDMA 
83 
0079 E7 
84 
MOV 
A,@RI 
; READ BYTE OUT OF THE RECEIVE BUFFER 
007A FO 
85 
MOVX 
@DPTR,A 
; WRITE IT TO THE LATCH 
007B 09 
86 
INC 
R1 
007C DA08 
87 
D1NZ 
R2, U 
; WHEN ALL BYTES HAVE BEEN SENT 
88 
007E C2A8 
89 
CLR 
IE.O 
; DISABLE INTERRUPT 
0080 C294 
90 
CLR 
PI. 4 
; CAUSE 8088 INTERRUPT 
TO TERMINATE 
DMA 


0082 D294 
91 
SETB 
PI. 4 
0084 D2CE 
92 
SETB 
RBE 
; ENABLE RECEIVER AGAIN 
93 
0086 32 
94 
U: 
RETI 
95 
96 
97 
0087 
98 
LOLTMPSET 
$ 
0023 
99 
ORG 
002m 
0023 020087 
100 
LJMP 
SERIALINT 
0087 
101 
ORG 
LOLTMP 
102 
103 
SERIALINT: 


104 
0087 30CE06 
105 
1NB 
RBE,RCV 
; WAS A FRAME RECEIVED 
008A 30CFOB 
106 
1NB 
TBF,XMIT 
; WAS A FRAME TRANSMITTED 
008D 020056 
107 
LJMP 
ERROR 
; IF NEITHER 
ERROR 
108 
009020CBC3 
109 
RCV: 
1B 
BOV,ERROR 
; IF BUFFER OVERRUN THEN ERROR 
0093 1158 
110 
CALL 
SEND 
; SEND THE FRAME TO THE 8088 
0095 C2CC 
III 
CLR 
SI 
0097 32 
112 
RETI 
113 
0098 C2CC 
114 
XMIT: 
CLR 
SI 
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009A D2AA 
115 
SETB 
EXI 
009C 32 
116 
RETI 
117 
118 
END 


SYMBOL TABLE LISTING 


NAME 
TYPE 
VALUE 
ATTRIBUTES 


BOV 
B ADDR 
OOC8H.3 A 
ERROR 
C ADDR 
0056H 
A 
EXO 
B ADDR 
OOA8H.0 A 
EXI 
B ADDR 
00A8H.2 
A 
FIRST-BYTE 
B ADDR 
0020H.0 
A 
IE 
D ADDR 
OOA8H 
A 
INIT 
C ADDR 
0026H 
A 
IP 
D ADDR 
OOB8H 
A 
L1 
C ADDR 
0074H 
A 
L2 
C ADDR 
0073H 
A 
L3 
C ADDR 
0086H 
A 
LOC_TMP 
C ADDR 
0087H 
A 
PI 
D ADDR 
0090H 
A 
RBE 
B ADDR 
00C8H.6 
A 
RBL 
D ADDR 
OOCBH 
A 
RBS 
D ADDR 
OOCCH 
A 
RCV 
C ADDR 
0090H 
A 
RECEIVE....DMA 
C ADDR 
0063H 
A 
RFL 
D ADDR 
OOCDH 
A 
RTS 
B ADDR 
OOC8H.5 A 
SEND 
C ADDR 
0058H 
A 
SERIALINT 
C ADDR 
0087H 
A 
SI 
B ADDR 
00C8H.4 
A 
SMD 
D ADDR 
OOC9H 
A 
SP 
D ADDR 
0081H 
A 
STAD 
D ADDR 
OOCEH 
A 
TBF 
B ADDR 
OOC8H.7 A 
TBL 
D ADDR 
OODBH 
A 
TBS 
D ADDR 
OODCH 
A 
TCB 
D ADDR 
OODAH 
A 
TCON 
D ADDR 
0088H 
A 
THI 
D ADDR 
008DH 
A 
TMOD 
D ADDR 
0089H 
A 
TRANSMIT-DMA 
C ADDR 
0079H 
A 
XMIT 
C ADDR 
0098H 
A 


REGISTER 
BANK(S) USED: O.TARGET MACHINE(S): 
8044 


ASSEMBLY COMPLETE. 
NO ERRORS 
FOUND 


SERIES-III 
PL/M-86 
Vl.0 
COMPILATION 
OF MODULE RUPI_88 
OBjECT 
MODULE PLACED 
IN 
:Fl:R88.0Bj 
COMPILER 
INVOKED 
BY: 
PLM86.86 
:Fl:R88.SRC 


RUPI_88: 
DO, 


DECLARE 


LIT 
TRUE 
FALSE 


RECV_BUFFER I 64 I 
XMIT_BUFFERI641 
I 
WAIT 


MASTER_CLEAR_37 
C0I'll1AND_37 
ALL_MASK_37 
SINQLE_MASK_37 
STATUS_37 
REOUEST_REg_37 
MoDE_REg_37 
CLEAR_BYTE_PTR_37 


CHO_ADDR 
CHO_CoUNT 
CHl_ADDR 
CHI_COUNT 
CH2_ADDR 
CH2_COUNT 
CH3_ADDR 
CH3_CoUNT 


LITERALLY 
LIT 
LIT 


BYTE, 
BYTE, 
BYTE, 
BYTE, 


'LITERALLY', 
lOtH', 
'OOH', 


'OFFDDH', 
'OFFDSH'. 
'OFFDFH', 
'OFFDAH', 
'OFFDSH', 
'OFFD9H', 
'OFFDBH', 
'OFFDCH' 
, 


'OFFDOH'. 
'OFFDIH' 
, 
'OFFD2H', 
'OFFD3H', 
'OFFD4H', 
'OFFD~', 
'OFFDbH', 
'OFFD7H', 


CHO_SEL 
CHl_SEL 
CH2_SEL 
CH3_SEL 
WRITE_XFER 
READ_XFER 
DEMAND_MODE 
SINgLE_MODE 
BLOCK_MODE 
SET_MASK 


'OOH', 
'OIH', 
'02H', 
'03H', 
'04H', 
'08H', 
'OOH', 
'4OH', 
'BOH', 
'04H', 


1* 
8259 
PORTS */ 


STATUS 
POLL_59 
LIT 
'OFFEOH'. 
ICWI _59 
LIT 
'OFFEOH', 
oCWI 
59 
LIT 
'OFFEIH', 
OCW2=59 
LIT 
'OFFEOH', 
OCW3_59 
LIT 
'OFFEOH', 
ICW2_59 
LIT 
'OFFEIH'. 
ICW3_59 
LIT 
'OFFEIH', 
ICW4_59 
LIT 
'OFFE1H'J 


OUTPUT ISINOLE_MASK_37 
1-40H. 
WAIT-FALSE, 
END, 


OUTPUTIMASTER_CLEAR_37) 
OUTPUTICOHHAND_37) 
OUTPUTIALL_HASK_37) 
OUTPUT<HODE 
REQ 37) 
OUTPUTIMODE:REQ:37) 
OUTPUTICLEAR_BYTE_PTR_37) 
OUTPUTICHO_ADDR) 
OUTPUT ICHO_ADDRI 
OUTPUTICHO_COUNT) 
OUTPUT ICHO_COUNT) 
OUTPUTICH1~DDRI 
OUTPUTICH1_ADDR) 
OUTPUTICH1_COUNT) 
OUTPUTICH1_COUNT) 


-(>, 
-04OH, 
-OFH, 
-ISINQLE_MODE 
OR WRITE_XFER 
OR CHO_SELl' 
-ISINQLE~ODE 
OR READ_XFER OR CHI_SELl' 
-0, 
-OOH, 
-40H, 
-64, 
-00, 
-4OH. 
-40HJ 
-64; 
-001 


-13H, I-SINQLE MODE, EDQE TRIQQERED 
INPUT. B086 INTERRUPT TYPE-I 
-~OH, I-INTERRUPT TYPE 
3~_1 
-03H' I-AUTO-EOI-I 
-OFEH, 
I_ENABLE INTERRUPT LEVEL 0_1 


DO 
I- 1 TO 64, 
I_ FILL UP THE XMIT_BUFFER WITH DATA _I 
XMIT_BUFFERII)-I, 
END, 


I- 
A BLOCK OF DATA WILL BE TRANSFERRED 
TO THE RUPI, 


WHEN THE RUPI RECEIVES A BLOCK OF DATA 
IT WILL 
SEND IT TO THE BOBB MEMORY AND INTERRUPT THE BOBB, 
THE INTERRUPT'SERVICE ROUTINE WILL SHUT OFF THE DMA 
CONTROLLER 
AND SET 
'WAIT' FALSE 
_I 


OUTPUT IALL_MASK_37)-OFCH, 


ENABLE, 


OUTPUT< ICW1_:5'i1) 


OUTPUT< ICW~_:5'i1) 
OUTPUT< ICW4_:5'i1) 
OUTPUT<OCW1_:5'i1) 


.EJECT 
CALL SET. INTERRUPT 


WAIT-TRUE, 
DO WHILE WAIT, 
END, 


CODE AREA SIZE 
• 00D7H 
~1:5D 
CONSTANT AREA SIZE· 
OOOOH 
OD 
VARIABLE AREA SIZE • OOB~H 
130D 
MAXIMUM STACK SIZE • 001EH 
30D 
1~4 LINES READ 
o PROQRAM WARNINOS 
o PROQRAM ERRORS 


A HIGH PERFORMANCE 
NETWORK 
USING THE 8044 


This section describes the design of an SDLC data link 
using the 8044 (RUPI) to implement a primary station 
and a secondary station. The design was implemented 
and tested. The following discussion assumes that the 
reader understands the 8044 and SDLC. This section is 
divided into two parts. 
First the data link design 
example is discussed. Second the software modules 
used to implement the data link are described. To help 
the reader understand the discussion of the software, 
flow charts 
and software 
listings are displayed in 
Appendix A and Appendix B, respectively. 


Application 
Description 


This particular data link design example uses a two wire 
half-duplex multidrop topology as shown in figure 19-4. 
In an SDLC multidrop topology the primary station 
communicates 
with 
each 
secondary 
station. 
The 
secondary stations communicate only to the primary. 
Because of this hierarchial 
architecture, 
the logical 
topology for an SDLC multidrop is a star as shown in 
figure 19-5. Although the physical topology of this data 
link is multidrop, 
the easiest way to understand 
the 
information 
flow is to think 
of the logical (star) 
topology. The term data link in this case refers to the 
logical communication pathways between the primary 
station and the secondary stations. The data links are 
shown in figure 19-5 as two way arrows. 


The application example uses dumb async terminals to 
interface to the SDLC network. Each secondary station 
has an async terminal connected to it. The secondary 
stations are in effect protocol converters which allows 
any async terminal to communicate with any other async 
terminal on the network. The secondary stations use an 
8044 with a UART to convert SDLC to async. Figure 
19-6 displays a block diagram of the data link. The 
primary station, controls the data link. In addition to 
data link control the primary provides a higher level 
layer which is a path control function or networking 
layer. The primary serves as a message exchange or 
switch. It receives information from one secondary sta- 
tion and retransmits it to another secondary station. 
Thus a virtual end to end connection is made between 
any two secondary stations on the network. 


Three separate software modules were written for this 
network. The first module is a Secondary Station Driver 
(SSD) which provides an SDLC data link interface and 
a user interface. This module is a general purpose driver 
which requires application software to run it. The user 
interface to the driver provides four functions: OPEN, 


CLOSE, TRANSMIT, and SIU_RECV. 
Using these 
four functions properly will allow any application soft- 
ware to communicate over this SDLC data link without 
knowing the details of SDLC. The secondary station 
driver uses the 8044's AUTO mode. 


The second module is an example of application soft- 
ware which is linked to the secondary station driver. 
This module drives the 8251A, buffers data, and inter- 
faces with the secondary station driver's user interface. 


The third module is a primary station, which is a stand- 
alone program 
(i.e., 
it is not linked to any other 
module). The primary station uses the 8044's NON- 
AUTO or FLEXIBLE mode. In addition to controll- 
ing the data link it acts as a message switch. Each time 
a secondary station transmits a frame, it places the 
destination address of the frame in the first byte of the 
information or I field. When the primary station receives 
a frame, it removes the first byte in the I field and 
retransmits the frame to the secondary station whose 
address matches this byte. 


This network provides two complete layers of the OSI 
(Open Systems Interconnection) 
reference model: the 
physical layer and the data link layer. The physical layer 
implementation uses the RS-422 electrical interface. The 
mechanical medium consists of ribbon cable and con- 
nectors. 
The data link layer is defined by SDLC. 


SDLC's use of acknowledgements and frame number- 
ing guarantees that messages will be received in the same 
order in which they were sent. It also guarantees message 
integrity over the data link. However this network will 
not guarantee secondary to secondary message delivery, 
since there are acknowledgements 
between secondary 


stations. 


The schematic of the hardware is given in figure 19-7 
The 8251A is used as an async communications 
con- 


troller, in support of the 8044. TxRDY and RxRDY on 
the 8251A are both tied to the two available external 
interrupts of the 8044 since the secondary station driver 
is totally interrupt driven. The 8044 buffers the data 
and some variables in a 2016 (2K x 8 static RAM). The 
8254 programmable interval timer is employed as a pro- 
grammable baud rate generator and system clock driver 
for the 8251A. The third output from the 8254 could 
be used as an external baud rate generator for the 8044. 
The 2732A shown in the diagram was not used since 
the software 
for both 
the primary 
and secondary 


stations used far less than the 4 Kbytes provided on the 
8744. For the async interface, 
the standard 
RS-232 


PRIMARY 
STATION 


SECONDARY 
SECONDARY 
SECONDARY 
STATION 
STATION 
STATION 


mechanical and electrical interface was used. For the 
SDLC channel, a standard two wire three state RS-422 
driver is used. A DIP switch connected to one of the 
available ports on the 8044 allows the baud rate, 
parity, and stop bits to be changed on the async inter- 
face. The primary station hardware does not use the 
USART. 8254, nor the RS-232 drivers. 


19.2.3 SOLe 
Basic Repertoire 


The SDLC commands and responses implemented in 
the data link include the SDLC Basic Repertoire as 
defined in the IBM SDLC General Information manual. 
Table 19-3shows the commands and responses that the 
primary and the secondary station in this data link 
design recognize and send. 


Figure 19-6. Block Diagram of the Data Link 
Application 
Example 
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Responses 
Commands 
Recognized 
Sent 


Unnumbered 
UA 
SNRM 
DM 
DISC 
FRMR 
'RD 


Supervisory 
RR 
RR 
RNR 
RNR 


Information 
I 
I 


Commands 
Responses 
Recognized 
Sent 


Unnumbered 
SNRM 
UA 
DISC 
DM 
'TEST 
FRMR 
'RD 
'TEST 


Supervisory 
RR 
RR 
RNR 
RNR 
REJ 


Information 
I 
I 


The term command specifically means all frames which 
the primary station transmits and the secondary stations 
receive. Response refers to frames which the secondary 
stations transmit and the primary station receives. 


Number of Outstanding Frames 


This particular data link design only allows one out- 
standing 
frame before it must receive an acknow- 
ledgement. 
Immediate 
acknowledgement 
allows the 
secondary station drivers to use the AUTO mode. In 
addition, one outstanding frame uses less memory for 
buffering, and the software becomes easier to manage. 


19.2.4 Secondary Station Driver using 
AUTO mode 


The 8044 secondary station driver (SSD) was written 
as a general purpose SDLC driver. It was written to be 
linked to an application module. The application soft- 
ware implements the actual application in addition to 
interfacing to the SSD. The main application could be, 
a printer or plotter, a medical intrument, or a terminal. 
The SSD is independent of the main application, it just 
provides the SDLC communications. 
Existing 8051 


~Y.l-'U"'ClUVU.,;) 
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~ULL com- 
munications capability by linking the SSD to the existing 
software and providing additional software to be able 
to communicate with the SSD. 


The SSD has two software interfaces: a data link inter- 
face and a user interface as show in Figure 
19-8, The 
data link interface is the part of the software which con- 
trols the SDLC communications. It handles link access, 
command 
recognition/response, 
acknowledgements, 


and error recovery. ,The user interface provides four 
functions: 
OPEN, 
CLOSE, 
TRANSMIT, 
and 
SIU_RECV. 
These are the only four functions which 
the application software has to interface in order to com- 
municate using SDLC. These four functions are com- 
mon to many I/O drivers like floppy and hard disks, 
keyboard/CRT, 
and async communication 
drivers. 


The data link and the user interface each have their own 
states. Each interface can only be in one state at any 
time. The SSD uses the states of these two interfaces 
to help synchronize the application module to the data 
link. 


There are three states which the secondary station data 
link interface can be in: Logical Disconnect 
State 
(L_D_S). 
Frame Reject State (FRMR_S), 
and the 
Information 
Transfer 
State (1_ T_S). 
The Logical 
Disconnect State is when a station is physically con- 
nected to the channel but either the primary or secon- 
dary have not agreed to enter the Information Transfer 
State. Both the primary and the secondary stations syn- 
chronize to enter into the Information 
Transfer State. 
Only when the secondary station is in the 1_ T_S 
is 
it able to transfer data or information to the primary. 
The Frame Reject State (FRMR_S) 
indicates that the 
secondary station has lost software synchronization with 
the primary or encountered some kind of error condi- 
tion. When the secondary station is in the FRMR_S, 
the 
primary station must reset the secondary to resynchronize. 


The user interface has two states, open or closed. In 
the closed state the user program does not want to com- 
municate over the network. The communications chan- 
nel is closed and not available for use. The secondary 
station tells the primary this by responding to all com- 
mands with DM. The primary continues to poll the 
secondary in case it wants to enter the 1_ T_S 
state. 


When the user program begins communication over the 
data link it goes into the open state. It does this by call- 
ing the OPEN procedure. When the user interface is 
in the open state it may transfer information 
to the 
primary. 


SSD t 
INTERFACE 
PROCEDURES 


OPEN 
CLOSE 
TRANSMIT 
SIU 
RECV 


SECONDARY 
STATION 
DRIVER 
MODULE 


DATA 
LINK 
INTERFACE 


DATA 
LINK 
STATES 


1. LOGICAL 
DISCONNECT 
STATE 
2. INFORMATION 
TRANSFER 
STATE 
3. FRAME 
REJECT 
STATE 


Secondary 
Stations 
Commands, 
Responses 
and 


State 
Transitions 


Table 19-4shows the commands which the secondary 
station recognizes and the responses it generates. The 
first row in table 19-4 displays commands the secon- 
dary station recognizes and each column shows the 
potential responses with respect"to secondary station. 
For example, if the secondary is in the Logical Discon- 
nect State it willonly respond with DM, unless it receives 
a SNRM command and the user state is open. If this 
is the case, then the response will be UA and the secon- 
dary station will move into the 1_ T_So 


Figure :19-9shows the state diagram of the secondary 
station. When power is first applied to the secondary 
station, it goes into the Logical Disconnect State. As 
mentioned 
above, the 1_ T_S 
is entered when the 
secondary station receives a SNRM command and the 
user state is open. The secondary responds with UA to 
let the primary know that it has accepted the SNRM 
and is entering the 1_ T_So The 1_ T_S can go into 
either the L_D _S or the FRMR_S. 
The 1_ T_S goes 
into the L_D _S 
if the primary sends the secondary 
DISC. The secondary has to respond with UA, and then 
goes into the L_D_S. 
If the user interface changes 
from open to close state, then the secondary sends RD. 
This causes the primary to send a DISC. 


The FRMR_S 
is entered when a secondary station is 
in the 
1_ T_S 
and 
either 
one of the 
following 
conditions occurs. 


- 
A command 
can 
not 
be recognized 
by the 
secondary station. 


- 
There is a buffer overrun. 


- 
The Nr that 
was received from the primary 
station is invalid. 


The secondary station cannot leave the FRMR_S 
until 
it receives a SNRM or a DISC command. 


Software 
description 
of the SSD 


To aid in following the description of the software, the 
reader may either look at the flow charts which are given 
for each procedure, or read the PL/M-5I 
listing pro- 
vided 
in Appendix A. 


A block diagram of the software structure of the SSD 
is given in figure 19-10.A complete module is identified 
by the dotted box, and a procedure is identified by the 
solid box. Therefore the SIU_RECV 
procedure is not 
included in the SSD module, it exists in the application 
software. Two or more procedures connected by a solid 
line means the procedure 
above calls the procedure 
below. Transmit, Power_on_D, 
Close, and Open are 
all called by the application 
software. 
Procedures 
without any solid lines connected above are interrupt 
procedures. The only interrupt procedure in the SSD 
module is the SIU_INT. 


The entire SSD module is interrupt driven. Its design 
allows the application program could handle real time 
events or just dedicate more CPU time to the applica- 
tion program. The SIU_INT 
is the only interrupt pro- 
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cedure in the SSD. It is automatically entered when an 
SIU interrupt occurs. This particular interrupt can be 
the lowest priority interrupt in the system. 


SSD Initialization 


Upon reset the application software is entered first. The 
application software initializies its own variables then 
calls Power_On_D 
which is the SSD's initialization 
routine. The SSD's initialization sets up the transmit 
and receive data buffer pointers (TBS and RBS), the 
receive buffer 
length 
(RBL), 
and 
loads the State 
variables. The STATION_STATE 
begins in the L_ 
D_S state, and the USER_STATE 
begins in the closed 
state. 
Finally 
Power_On_D 
initializes 
XMIT_ 
BUFFER_EMPTY 
which is a bit flag. This flag serves 
as a semaphore between the SSD and the application 
software to indicate the status of the on chip transmit 
buffer. The SSD does not set the station address. It is 
the application software's responsibility to do this. After 
initialization, the SSD is ready to respond to all of the 
primary stations commands. Each time a frame is receiv- 
ed with a matching station address and a good CRC, 
the SIU_INT 
procedure is entered. 


The first thing the SIU_INT 
procedure clears the serial 
interrupt _bit 
(SI) in the STS register. If the SIU_ 
INT procedure returns with this bit set, another SI in- 
terrupt will occur. 


The 
SIU _INT 
procedure 
is 
branches 
three 
independent 
cases. The first case is entered if the 
STATION_STATE 
is not in the I_T_S. 
If this is 
trt/e, then the SIU is not in the AUTO mode, and the 
CPU will have to respond to the primary on its own. 
(Remember that the AUTO mode is entered when the 
STATION_STATE 
enters 
into 
I_T_S.) 
If 
the 
STATION_STATE 
is in the I_T_S, 
then either the 
SIU has just left the AUTO mode, or is still in the 
AUTO 
mode. 
This is the second and 
third 
case 
respectively. 


In the first case, if the STATION_STATE 
is not in 
the 1_ T_S, 
then it must be in either the L_D _S or 
the FRMR_S. 
In either case a separate procedure is 
called based on which state the station is in. The In_ 
Disconnect_State 
procedure sends to the primary a DM 
response, unless it received a SNRM command and the 
USER_STATE 
equals open. In that case the SIU sends 
an UA and enters into the 1_ T_So The In_FRMR_ 
State procedure 
will send the primary 
the FRMR 
response unless it received either a DISC or an SNRM. 
If the primary's command was a DISC, then the secon- 
dary will send an UA and enter into the L_D_S. 
If 
the primary's command was a SNRM, then the secon- 
dary will send an UA, enter into the 1_ T_S, and clear 
NSNR register. 


For the second case, if the STATION_STATE 
is in 
the 1_ T_S but the SIU left the AUTO mode, then the 
CPU must determine why the AUTO mode was exited, 
and generate a response to the primary. There are four 
reasons for the SIU to automatically leave the AUTO 
mode. The following is a list of these reasons, and the 
responses given by the SSD based on each reason. 


I. The SIU has received a command 
field it does 
not recognize. 


Response: 
If the CPU recognizes the command, 
it generates the appropriate 
response. 
If neither 
the SIU nor the CPU recognize the command, then 
a FRMR response is sent. 


2. The SIU has received a Sequence Error 
Sent 
(SES=l in NSNR register). Nr(P) * Ns(S)+l, 
and 
Nr(P) * Ns(S). 
Response: Send FRMR. 


3. A buffer overrun has occured. BOV=l in STS 
register. 


Response: Send FRMR. 


4. An I frame with data was received while RPB=I. 


Response: Go back into AUTO mode and send an 
AUTO mode response. 


In addition to the above reasons, there is one condi- 
tion where the CPU forces the SIU out of the AUTO 
mode. This is discussed in the SSD's User Interface Pro- 
cedures section in the CLOSED procedure description. 


Finally, case three is when the STATION_STATE 
is 
in the 1_ T_S 
and the AUTO mode. The CPU first 
looks at the TBF bit. If this bit is 0 then the interrupt 
may have been caused by a frame which was trans- 
mitted 
and acknowledged. 
Therefore 
the XMIT_ 
BUFFER_EMPTY 
flag is set again indicating that the 
application software can transmit another frame. 


The other reason this section of code could be entered 
is if a valid I frame was received. When a good I frame 
is received the RBE bit equals O. This means that the 
receiver is disabled. If the primary were to poll the 8044 
while RBE=O, it would time out since no response would 
given. Time outs reduce network 
throughput. 
To 
improve network performance, the CPU first sets RBP, 
then sets RBE. Now when the primary polls the 8044 
an immediate RNR response is given. At this point the 
SSD callsthe application software procedure SIU_RECV 
and passes the length of the data as a parameter. The 
SIU_RECV 
procedure reads the data out of the receive 
buffer then returns to the SSD module. Now that the 
receive information 
has been transfered, 
RBP 
can 
be cleared. 


Command_Decode 
Procedure 


The Command_Decode 
procedure is called from the 
SIU_INT 
procedure when the STATION_STATE 
= 
1_ T_S and the SIU left the AUTO mode as a result 
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of not being able to recognize the receive control byte. 
Commands 
which the SIU AUTO mode does not 
recognize are handled here. The commands recogniz- 
ed in this procedure are: SNRM, DISC, and TEST. Any 
other command received will generate a Frame Reject 
with the non implemented command bit set in the third 
data byte of the FRMR frame. Any additional 
un- 
numbered frame commands which the secondary sta- 
tion is going to implement, should be implemented in 
this procedure. 


If a SNRM is received the command_decode 
procedure 
calls the SNRM_Response 
procedure. The SNRM_ 
Response procedure sets the STATION_STATE 
= I_ 
T_S, 
clears the NSNR register and responds with an 
UA frame. If a DISC is received, the command_decode 
procedure sets the STATION_STATE 
= L_D_S, 
and responds with an UA frame. When a TEST frame 
is received, 
and 
there 
is no buffer 
overrun, 
the 
command_decode 
procedure responds with a TEST 
frame retransmitting the same data it received. However 
if a TEST frame is received and there is a buffer over- 
run, then a TEST frame will be sent without any data, 
instead of a FRMR with the buffer overrun bit set. 


Frame 
Reject 
Procedures 


There are two procedures which handle the FRMR state: 
XMIT_FRMR 
and IN_FRMR_STATE. 
XMIT_ 
FRMR is entered when the secondary station first goes 
into the FRMR state. The frame reject response frame 
contains the FRMR response in the command field plus 
three additional data bytes in the I field. Figure 19-11 
displays the format for the three data byte in the I field 


of a FRMR response. The XMIT _FRMR 
procedure 
sets up the Frame Reject response frame based on the 
parameter REASON which is passed to it. Each place 
in the SSD code that calls the XMIT _FRMR 
pro- 
cedure, passes the REASON that this procedure was 
called, which in turn is communicated 
to the primary 
station. The XMIT _FRMR 
procedure uses three bytes 
of internal RAM which it initializes for the correct 
response. The TBS and TBL registers are then chang- 
ed to point to the FRMR buffer so that when a response 
is sent these three bytes will be included in the I field. 


The IN_FRMR_STATE 
procedure is called by the 
SIU_INT 
procedure 
when the STATION_STATE 
already 
is in the FRMR 
state 
and 
a response 
is 
required. The IN_FRMR_STATE 
procedure will only 
allow two commands to remove the secondary station 
from the FRMR state: SNRM and DISC. Any other 
command which is received while in the FRMR state 
will result a FRMR response frame. 


This is a general purpose transmit 
procedure, 
used 
only in the FLEXIBLE mode, which sends unnumbered 
responses to the primary. It accepts the control byte as 
a parameter, 
and also expects the TBL register to be 
set before the procedure is called. This procedure waits 
until the frame has been transmitted before returning. 
If this procedure returned before the transmit interrupt 
was generated, the SIU_INT 
routine would be entered. 
The SIU_INT 
routine would not be able to distinguish 
this condition. 


SSD's User Interface Procedures -- OPEN, CLOSE, 
TRANSMIT, 
SIU_RECV 
-- are discussed in the 
following section. 


The OPEN procedure is the simplest of all, it changes 
the USER_STATE 
to OPEN_S 
then returns. This lets 
the SSD know that the user wants to open the channel 
for communications. 
When the SSD receives a SNRM 
command, 
it checks 
the 
USER_STATE. 
If 
the 
USER_STATE 
is open, then the SSD will respond with 
an 
UA, 
and 
the 
STATION_STATE 
enters 
the 
I_T_S. 


The CLOSE procedure is also simple, it changes the 
USER_STATE 
to CLOSED _S 
and sets the AM bit 
to O. Note that when the CPU sets the AM bit to 0 it 
puts the SIU out of the AUTO mode. This event is asyn- 
chronous to the events on the network. As a result an 
I frame can be lost. This is what can happen. 


I. AM is set to 0 by the CLOSE Procedure. 


2. An I frame is received and a SI interrupt occurs. 


3. The 
SIU_INT 
procedure 
enters 
case 
2. 
(STATION_STATE 
= I_T_S, 
and AM = 0) 


4. Case 
2 detects 
that 
the 
USER_STATE 
= 
CLOSED_S, 
sends a RD response and ignores 
the fact that an I frame was received. 


Therefore it is advised to never call the CLOSE pro- 
cedure or take the SIU out of the AUTO mode when 
it is receiving I frames or an I frame will be lost. 


For both the TRANSMIT and SIU_RECV procedures, 
it is the application software's job to put data into the 
transmit buffer, and take data out of the receive buf- 
fer. The SSD does not transfer data in or out of its 
transmit or receive buffers because it does not know 
what kind of buffering the application software is im- 
plementing. What the SSD does do is notify the applica- 
tion software 
when the transmit 
buffer 
is empty, 
XMIT _BUFFER_EMPTY 
= I, and when the receive 
buffer is full. 


One of the functions that the SSD performs to syn- 
chronize the application software to the SDLC data link. 
However some of the synchronization must also be done 
by the application software. Remember that the SSD 
does not want to hang up the application 
software 
waiting for some event to occur on the SDLC data link, 
therefore the SSD always returns to the application soft- 
ware as soon as possible. 


For example, when the application software calls the 
OPEN procedure, the SSD returns immediately. The 
application software thinks that the SDLC channel is 
now open and it can transmit. This is not the case. For 
the channel to be open, the SSD must receive a SNRM 
from the primary and respond with a UA. However, 
the SSD does not want to hang up the application soft- 
ware waiting for a SNRM from the primary before 
returning 
from 
the 
OPEN 
procedure. 
When 
the 


TRANSMIT procedure is called, the SSD expects the 
STATION_STATE 
to be in the I_T_S. 
If it isn't, 
the SSD refuses to transmit the data. The TRANSMIT 
procedure first checks to see if the USER_STATE 
is 
open, if not the USER_STA TE_ CLOSED parameter 
is passed back to the application module. The next thing 
TRANSMIT checks is the STATION_STATE. 
If this 
is not open, then TRANSMIT 
passes back LINK_ 
DISCONNECTED. 
This 
means 
that 
the USER_ 
STATE is open, but the SSD hasn't received a SNRM 
commmand 
from the primary 
yet. Therefore, 
the 
application software should wait awhile and try again. 
Based 
on 
network 
performance, 
one 
knows 
the 
maximum amount of time it will take for a station to 
be polled. If the application software waits this length 
of time and 
tries again 
but 
still gets a LINK_ 
DISCONNECTED parameter passed back, higher level 
recovery must be implemented. 


Before loading the transmit 
buffer 
and calling the 
TRANSMIT procedure, the application software must 
check to see that XMIT _BUFFER_EMPTY 
= I. This 
flag tells the application software that it can write new 
data into the transmit buffer and call the TRANSMIT 
procedure. After the application software has verified 
that 
XMIT _BUFFER_EMPTY 
= I, 
it fills the 
transmit buffer with the data and calls the TRANSMIT 
procedure 
passing 
the length 
of the buffer 
as a 
parameter. The TRANSMIT procedure checks for three 
reasons why it might not be able to transmit the frame. 
If any of these three reasons are true, the TRANSMIT 
procedure 
returns 
a parameter 
explaining 
why it 
couldn't 
send the frame. If the application software 
receives one of these responses, it must rectify the pro- 
blem and try again. Assuming these three conditions 
are false, then the SSD clears XMIT _BUFFER_ 
EMPTY, attempts to send the data and returns the 
parameter 
DA TA_ TRANSMITTED. 
XMIT_ 
BUFFER_EMPTY 
will not be set to I again until the 
data has been transmitted 
and acknowledged. 


The SIU-RECV procedure must be incorporated into the 
application software module. When a valid I frame is 
received by the SIU, it calls the SIU-RECV procedure 
and passes the length of the received data as a parameter. 
The SIU_RECV procedure must remove all of the data 
from the receive buffer before returning to the SIU..JNT 
procedure. 


Figure 
19-12 shows necessary parts to include in a 
PLlM-51 application program that will be linked to the 
SSD module. RL51 is used to link and locate the SSD 
and application modules. The command line used to 
do this is: 


RL51 SSD.obj,filename.obj,PLM51.LIB 
TO filename 
& RAMSIZE(l92) 


$registerbank(O) 
user$mod: do; 
$include (reg44.dcl) 
declare 
lit 
buffer _length 
siu_xmit_buffer 
(buffer _length) 
siu_recv _buffer 
(buffer _length) 
xmit_buffer_empty 


literally 
lit 


byte 
bit 


/* external procedures 
*/ 


power_on_d: 
procedure 
end power_on_d; 


close: procedure 
end close; 


open: procedure 
end open; 


transmit: procedure 
(xmit_buffer_length) 
byte 
declare 
xmit_buffer 
_length 
end transmit; 


/* local procedures 
*/ 


siu_recv: 
procedure (length) public 
declare 
length 
byte, 


'literally' , 
'60', 


external, 
external; 


external; 
byte; 


PLlM-51 and Register Banks 


The 8044has four register banks. PL/M-51 assumes that 
an interrupt procedure never uses the same bank as the 
procedure 
it 
interrupts. 
The 
USING 
attribute 
of a procedure, 
or the $REGISTERBANK 
control, can be used to ensure that. 


The 
SSD module 
uses the 
$REGISTERBANK(I) 
attribute. 
Some procedures 
are modified 
with the 
USING attribute based on the register bank level of the 
calling procedure. 


19.2.5 APPLICATION 
MODULE; 
Async to SDLC protocol converter 


One of the purposes of this application module is to 
demonstrate 
how to interface software to the SSD. 


Another purpose is to implement and test a pratical ap- 
plication. This application software performs I/O with 
an async terminal through a USART, buffers data, and 
also performs I/O with the SSD. In addition, it allows 
the user on the async terminal to: set the station ad- 


dress, set the destination address, and go online and 
offline. Setting the station address sets the byte in the 
STAD register. The destination address is the first byte 
in the I field. Going online or offline results in either 
calling the OPEN or CLOSE procedure respectively. 


After the secondary station powers up, it enters the 
'terminal mode', which accepts data from the terminal. 
However, before any data is sent, the user must con- 
figure the station. The station address and destination 
address must be set, and the station must be placed 
online. To configure the station the ESC character is 
entered at the terminal which puts the protocol converter 
into the 'configure mode'. Figure 20-13 shows the menu 
which appears on the terminal screen. 


. ( /) 8044 Secondary Station 


/ 


I - Set the Station Address 
2 - Set the Destination Address 
3 - Go Online 
4 - Go Offline 
5 - Return to terminal mode 


Enter option _ 


In the terminal mode data is buffered up in the secon- 
dary station. A Line Feed character 'LF' tells the secon- 
dary station to send an I frame. If more than 60 bytes 
are buffered in the secondary station when a 'LF' is 
received, the applications software packetizes the data 
into 60 bytes or less per frame. If a LF is entered when 
the station is offline, an error message comes on the 
screen which says 'Unable to Get Online'. 


The secondary station also does error checking on the 
async interface for Parity, Framing Error, and Over- 
run Error. If one of these errors are detected, an error 
message is displayed on the terminal screen. 


Buffering 


There are two separate 
buffers 
in the application 
module: a transmit buffer and a receive buffer. The 
transmit buffer receives data from the USART, and 
sends data to the SSD. The receive buffer receives data 
from the SSD, and transmits data to the USART. Each 
buffer is a 256 byte software FIFO. If the tranmsit FIFO 
becomes full and no 'LF' character 
is received, the 
secondary station automatically begins sending the data. 
In addition, the application module will shut off the 
terminal's 
transmitter 
using CTS until the FIFO has 


been partially emptied. A block diagram of the buffer- 
ing for the protocol converter is given in Figure 19-14. 


Application Module Software 


A block diagram of the application module software 
is given in Figure 19-J 5. There are three interrupt 
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routines 
in 
this 
module: 
USART _RECV _INT, 
USART 
XMIT 
INT, 
and 
TIMER_O_INT. 
The 
first 
two 
;;:;:e for 
servicing 
the 
USART. 
TIMER 
OINT 
is used if the TRANSMIT 
pro- 
cedure ~ 
the SSD is called and does not return 
with 
the 
DATA 
TRANSMITTED 
parameter. 
TIMER 
OINT 
Wtploys Timer 0 to wait a finite 
amount of time before tring to transmit again. The 
highest priority interrupt is USART_RECV _INT. 
The 
main program and all the procedures it calls use register 
bank 0, USART _XMIT _INT 
and TIMER_O_INT 
and FIFO 
R 
OUT use bank 
I, while USART_ 
RECV _INT 
a;-d all the procedures it calls use register 
bank 2. 


Power_On 
Procedure 


The Power_On 
procedure initializes all of the chips 
in the system including the 8044. The 8044 is initial- 
ized to use the on-chip DPLL with NRZI coding, 
PreFrame Sync, and Timer I auto reload at a baud rate 
of 62.5 Kbps. The 8254 and the 8251A are initialized 
next based on the DIP switch values attached to port 
1 on the 8044. Variables and pointers are initialized, 
then the SSD's Power-Up Procedure, 
Power_On_ 
D, is called. Finally the interrupt system is enabled and 
the main program is entered. 


Main Program 


The main program is a simple loop which waits for a 
frame transmit command. A frame transmit command 
is indicated when the variable SEND_DATA 
is greater 
than O.The value of SEND_DATA 
equals the number 
of 'LF' characters in the transmit FIFO, hence it also 
indicates the number of frames pending transmission. 
Each 
time 
a 
frame 
is 
sent, 
SEND_DATA 
is 
decremented 
by one. Thus when SEND_DATA 
is 
greater than 0, the main program falls down into the 
next loop which polls the XMIT _BUFFER_EMPTY 
bit. When XMIT _BUFFER_EMPTY 
equals I, the 
SIU 
XMIT 
BUFFER can be loaded. The first byte 
in the buffer ;;-Ioaded with the destination address while 
the rest of the buffer is loaded with the data. Bytes are 
removed from the transmit FIFO and placed into the 
SIU 
XMIT 
BUFFER 
until 
one of three 
things 
happen: I. a"7LF, character is read out of the FIFO, 
2. the number of bytes loaded equals the size of the 
SIU_XMIT_BUFFER, 
or 3. the transmit FIFO is 
empty. 


After the SIU 
XMIT 
BUFFER is filled, the SSD 
TRANSMIT p~cedure"Ts called and the results from 
the procedure 
are checked. Any result other than 
DATA 
TRANSMITTED 
will result in several retries 
within ;finite amount of time. If all the retries fail then 
the LINK_DISC 
procedure is called which sends a 
message to the terminal, 'Unable to Get Online'. 


USART _RECV 
_I NT Procedure 


When the 8251A receives a character,the 
RxRDY pin 


on the 8251A is activated,and this interrupt procedure 
is entered. The routine reads the USART status register 
to determine if there are any errors in the character 
received. If there are, the character is discarded and the 
ERROR procedure is called which prints the type of 
error on the screen. If there are no errors, the received 
character is checked to see if it's an ESC. If it is an ESC, 
the MENU procedure is called which allows the user 
to change the configuration. If neither one of these two 
conditions 
exits the received character 
is inserted 
into the transmit FIFO. The received character mayor 
may not be echoed back to the terminal based on the 
dip switch settings. 


Transmit 
FIFO 


The transmit FIFO consists of two procedures: FIFO_ 
T 
IN and FIFO_T_OUT. 
FIFO_T_IN 
inserts a 
ch-;racter into the FIFO,and FIFO_T_OUT 
removes 
a character from the FIFO. The FIFO itself is an array 
.of 256 bytes called FIFO _ T. There are two pointers 
used as indexes in the array to address the characters: 
IN 
PTR 
T 
and 
OUT_PTR_T. 
IN_PTR_T 
po~s 
to the location in the array which willstore the 
next byte of data inserted. OUT _PTR_ 
T points to 
the next byte of data removed from the array. Both 
IN 
PTR 
T and OUT 
PTR_ T are declared 
as 


byt~. TheFIFO _ T_ IN Procedure receivesa character 
from the USART 
RECV 
INT procedure and stores 
it in the array locati<mpoin~d to by IN_PTR_T, 
then 
IN 
PTR 
Tis incremented. Similarly, when FIFO_ 
T OUT 
~ called by the main program, 
to load the 
siD 
XMIT 
BUFFER, the byte in the array pointed 
to by OUT _PTR_ 
T is read, then OUT _PTR_ 
T is 
incremented. Since IN_PTR_ 
T and OUT _PTR_ 
T 
are always incremented, they must be able to roll over 
when they hit the top of the 256 byte address space. This 
is done automatically by having both IN_PTR_ 
T and 
OUT 
PTR 
T declared 
as bytes. 
Each character 
insert~ 
intothe 
transmit FIFO is tested to see if it's 


a LF. If it is a LF, the variable SEND_DATA 
is 
incremented which lets the main program know that it 
is time to send an I frame. Similarily each character 
removed from the FIFO is tested. SEND _DATA 
is 


decremented for every LF character removed from the 
FIFO. 


IN 
PTR 
T and OUT 
PTR 
T are also used to in- 
dic;te ho;- many bytes are in the FIFO, and whether 
it is full or empty. When a character is placed into the 
FIFO and IN 
PTR 
Tis incremented, the FIFO is full 
if 
IN 
PTR- T eepials OUT _PTR_ 
T. 
When 
a 
charact;;r is r~d 
from the FIFO and OUT _PTR_ 
T 
is incremented, the FIFO is empty if OUT _PTR_ 
T 
equals IN_PTR_T. 
If the FIFO is neither full nor 
empty, then it is in use. A byte called BUFFER_ 
STATUS 
T is used to indicate one of these three con- 
ditions. The application module uses the buffer status 
information 
to control the flow of data into and out 
of the FIFO. When the transmit FIFO is empty, the 
main program must stop loading bytes into the SIU_ 
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XMIT _BUFFER. 
Just before the FIFO is full, the 
async input must be shut off using CTS. Also if the 
FIFO is full and SEND_DATA=O, 
then SEND_ 
DATA must be incremented to automatically send the 
data without a LF 


Receive 
FIFO 


The receive FIFO operates in a similiar fashion as the 
transmit FIFO does. Data is inserted into the receive 
FIFO from "the SIU_RECV 
procedure. 
The SIU_ 
RECV procedure is called by the SIU_INT 
procedure 
when a valid I frame is received. The SIU_RECV 
pro- 


cedure mearly polls the receive FIFO status to see if it's 
full before 
transfering 
each byte from the SIU_ 
RECV _BUFFER 
into the receive FIFO. If the receive 
FIFO is full, the SIU_RECV 
procedure remains poll- 


ing the FIFO status until it can insert the rest of the 
data. In the meantime, the SIU AUTO mode is respond- 
ing to all polls from the primary with a RNR supervisory 
frame. The USART_XMIT _INT 
interrupt procedure 
removes data from the receive FIFO and transmits it 
to the terminal. The USART transmit interrupt remains 
enabled while the receive FIFO has data in it. When 
the receive FIFO becomes empty, the USART transmit 
interrupt is disabled. 


The primary station is responsible for controlling the 
data link. It issues commands to the secondary stations 
and receives responses from them. The primary station 
controls link access, link level error recovery, and the 
flow of information. 
Secondaries can only transmit 
when polled by the primary. 


Most primary stations are either micro/minicomputers, 
or front end processors to a mainframe computer. The 
example primary station in this design is standalone. 
It is possible for the 8044 to be used as an intelligent 
front end processor for a microprocessor, 
implemen- 
ting the primary station functions. This latter type of 
design would extensively off-load link control functions 
for the microprocessor. 
The code listed in this paper 
can be used as the basis for this primary station design. 
Additional 
software 
is required 
to interface to the 
microprocessor. A hardware design example for inter- 
facing the 8044 to a microprocessor 
can be found in 
the applications section of this handbook. 


The primary station must know the addresses of all the 
stations which will be on the network. The software for 
this primary needs to know this before it is compiled, 
however a more flexible system would down load these 
parameters. 


From the listing of the software it can be seen that the 
variable 
NUMBER_OF 
_STATIONS 
is a 
literal 
declaration, 
which is 2 in this design example. There 
were three stations tested on this data link, two secon- 
daries and one primary. Following the NUMBER_ 
OF_STATIONS 
declaration is a table, loaded into the 


object code me at compile time, which lists the addresses 
of each secondary station on the network. 


Remote 
Station 
Database 


The primary station keeps a record of each secondary 
station 
on the network. 
This is called the Remote 
Station Database (RSD). The RSD in this software is 
an array of structures, which can be found in the listing 
and also in Figure 19-16.Each RSD stores the necessary 
information 
about that secondary station. 


To add additional secondary stations to the network, 
one simply adjusts the NUMBER_OF_STATIONS 
declaration, 
and adds the additional addresses to the 
SECONDARY _ADDRESSES 
table. The number of 
RSDs is automatically allocated at compile time, and 
the primary automatically 
polls each station whose 
address is in the SECONDARY _ADDRESSES 
table. 


Memory for the RSDs resides in external RAM. Based 
on memory requirements for each RSD, the maximum 
number of stations can be easily buffered in external 
RAM. (254 secondary stations is the maximum number 
SDLC will address on the data link; i.e. 8 bit address, 
FF H is the broadcast address, and 0 is the nul address. 
Each RSD uses 70 bytes of RAM. 70 x 254 = 17,780.) 


The station state, in the RSD structure, maintain the 
status of the secondary. If this byte indicates that the 
secondary is in the DISCONNECT _S, then the primary 
tries to put the station in the 1_ T_S 
by sending a 


SNRM. If the response is an UA then the station state 
changes into the 1_ T_So Any other frame received 
results 
in 
the 
station 
state 
remaining 
in 
the 
DISCONNECT _So When the RSD indicates that the 
station state is in the 1_ T_S, 
the primary will send 
either a I, RR, or RNR command, depending on the 
local and remote buffer status. When the station state 
equals GO_TO _DISC 
the primary will send a DISC 


command. If the response is an UA frame, the station 
state will change to DISCONNECT _S, else the station 
state will remain in GO_TO _DISC. 
The station state 
is set to GO_TO _DISC 
when one of the following 
responses occur: 


J. A receive buffer overrun in the primary. 


2. An I frame is received and Nr(P) #Ns(S). 


3. An I frame or a Supervisory frame is received and 
Ns(P) + I *- Nr(S) and Ns(P) *-Nr(S). 


4. A FRMR response is received. 


5. An RD response is received. 


6. An unknown response is received. 
The send count (Ns) and receive count (Nr) are also 
maintained in the RSD. Each time an I frame is sent 
by the primary and acknowledged by the secondary, Ns 
is incremented. Nr is incremented each time a valid I 
frame is received. BUFFER_STATUS 
indicates the 
status of the secondary stations buffer. If a RR response 
is received, BUFFER_STATUS 
is set to BUFFER_ 


READY. If a RNR response is received, BUFFER_ 
STATUS is set to BUFFER_NOT_READY. 


Buffering 


The buffering 
for the primary station is as foIlows: 


within each RSD is a 64 byte array buffer 
which 


is initially empty. When the primary receivesan I frame, 
it looks for a match between the first byte of the I frame 
and the addresses of the secondaries on the network. 
If a match exits, the primary places the data in the RSD 
buffer of the destination station. The INFO_LENGTH 
in the RSD indicates how many bytes are in the buffer. 
If INFO 
LENGTH equals O,then the buffer is emp- 


ty. The Primary can buffer only one I frame per sta- 
tion. If a second I frame is received while the address- 
ed secondary's RSD buffer is fuIl, the primary cannot 
receive any more I frames. At this point the primary 
continues to poll the secondaries using RNR supervisory 
frame. 


Primary Stalion Software 


A block diagram of the primary station software is 
shown in Figure 19-17.The primary station software con- 
sists of a main program, 
one interrupt routine, and 


several 
procedures. 
The 
POWER_ON 
pro~edure 
begins by initializing the SIU's DMA and enabling the 
receiver. Then each RSD is initialized. The DPLL and 
the timers are set, and finaIly the TIMER 0 interrupt 
is enabled. 


The main program consists of an iterative do loop within 
a do forever loop. The iterative do loop polls each secon- 
dary station once through the do loop. The ~aria?le 
STATION 
NUMBER is the counter for the tterattve 
do stateme"irt which is also used as an index to the 
array of RSD structures. The primary station issues one 
command and receives one response from every secon- 
dary station each time through the loop. The first state- 
ment in the loop loads the secondary station address, 
indexed by STATION_NUMBER 
into the array of the 


RSD structures. Now when the primary sends a com- 
mand 
it will have the secondary's 
address in the 
addre~s field of the frame. The automatic 
address 


recognition feature is used by the primary to recognize 
the response from the secondary. 


Next the main program 
determines 
the secondary 


stations state. Based on this state, the primary knows 
what 
command 
to send. 
If the station 
is in the 
DISCONNECT_S, 
the primary caIls the SNRM_P 


. STATION·ADDRESS 


STATION·STATE 
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NR 


BUFFER·STATUS 


INFO·LENGTH 


DATA (0) 


DATA (63) 


Figure 19-16. Remote Station Database 
Structure 


procedure to try and put the secondary in the 1_ T_ 
S. If the station state is in the GO 
TO 
DISC state 
the DISC_P 
is called to try and p~t thi"Secondary i~ 
the L_D _So If the secondary is in neither one of the 
above two states, then it is in the ITS. 
When the 
secondary is in the 1_ T_S, the primary could send one 
of three commands: 
I, RR, or RNR. If the RSD's 
buffer has data in it, indicated by INFO 
LENGTH 
b~ing 
greater 
than 
zero, 
and 
the 
~condary's 
BUFFER_STATUS 
equals BUFFER_READY, 
then 
an I frame will be sent. Else if RPB=O, a RR super- 
visory frame will be sent. If neither one of these cases 
is true, then an RNR will be sent. The last statement 
in the main program checks the RPB bit. If set to one, 
the BUFFER_TRANSFER 
procedure is called, which 
transfers the data from the SIU receive buffer to the 
appropriate 
RSD buffer. 


Receive Time Out 


Each time a frame is transmitted, 
the primary sets a 
receive time out timer; Timer O. If a response is not 
received within a certain time, the primary returns to 
the main program and continues polling the rest of the 
stations. 
The minimum length of time the primary 
should wait for a response can be calculated as the sum 
of the following parameters. 


1. propagation 
time to the secondary station 
2. clear-to-send time at the secondary station's DCE 


3. appropriate 
time for secondary station processing 


4. propagation 
time from the secondary station 
5. maximum frame length time 


The clear-to-send time and the propagation 
time are 
negligible for a local network at low bit rates. However, 
the turnaround 
time and the maximum frame length 
time are significant factors. Using the 8044 secondaries 
in the AUTO mode minimizes turnaround 
time. The 


maximum frame length time comes from the fact the 
8044 does not generate an interrupt 
from a received 
frame until it has been completely received, and the CRC 
is verified as correct. This means that the time-out is 
bit rate dependent. 


Ns and Nr check Procedures 


Each time an I frame or supervisory frame is received, 
the Nr field in the control byte must be checked. Since 
this data link only allows one outstanding frame, a valid 
Nr 
would 
satisfy 
either 
one 
of 
two 
equations; 


Ns(P) + I = Nr(S) the I frame previously sent by the 
primary is acknowledged, Ns(P) = Nr(S) the I frame 
previously sent is not acknowledged. If either one of 
these two cases is true, the CHECK_NR 
procedure 


returns a parameter 
of TRUE; otherwise a FALSE 


parameter 
is returned. 
If an acknowledgement 
is 


received, 
the Ns byte in the RSD structure 
is in- 
cremented, and the Information buffer may be cleared. 
Otherwise the information 
buffer remains full. 


Figure 19-17. 
Block Diagram of Primary 
Station Software Structure 


When an I frame is received, the Ns field has to be 
checked also. If Nr(P) = Ns(S), then the procedure 
returns TRUE, otherwise a FALSE is returned. 


The receive procedure is called when a supervisory or 
information 
frame is sent, and a response is received 


before the time-out period. The RECEIVE procedure 
can be broken down into three parts. The first part is 
entered if an I frame is received. When an I frame is 
received, Ns, Nr and buffer overrun are checked. If 
there is a buffer overrun, or there is an error in either 
Ns or Nr, then the station state is set to GO_TO_ 
DISC. Otherwise Nr in the RSD is incremented, the 
receive field length is saved, and the RPB bit is set. By 
incrementing the Nr field, the I frame just received is 
acknowledged the next time the primary polls the secon- 
dary 
with 
an 
I 
frame 
or 
a 
supervisory 
frame. 


Setting RBP protects the received data, and also tells 


the main program that there is data to transfer to one 
of the RSD buffers. 


If a supervisory 
frame is received, the Nr field is 


checked. If a FALSE is returned, then the station state 
is set to GO_TO_DISC. 
If the supervisory frame 
received was an RNR, buffer status is set to not ready. 
If the response is not an I frame, nor a supervisory 
frame, then it must be an Unnumbered 
frame. 


The only Unnumbered frames the primary recognizes 
are UA, DM, and FRMR. In any event, the station state 
is set to GO_TO _DISC. 
However 
if the frame 
received is a FRMR, Nr in the second data byte of the 
I field is checked to see if the secondary acknowledged 
an I frame received before it went into the FRMR state. 
If this is not done and the secondary acknowledged an 
I frame which the primary 
did not recognize, 
the 
primary transmits, 
the I frame when the secondary 


returns to the 1_ T_So In this case, the secondary would 
receive duplicate I frames. 


APPENDIX 
A 
8044 SOFTWARE 
FLOWCHARTS 


POWER-ON-D 
PROCEDURE 


USER-STATE 
= CLOSED-S 


Figure 19-18. Secondary 
Station 
Driver 
Flow Chart 
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LOAD DESTINATION 
ADDRESS IN FIRST 
BYTE OF SIU·XMIT 
BUFFER 


LOAD INFORMATION 
INTO SIU 
XMIT·BUFFER 
SIU BUFFER LENGTH 
OR FIFO·T EMPTY 


OUTPUT MESSAGE 
TO TERMINAL 


'UNABLE TO GET ON LINE' 


y 


CALL 
OUTPUT·MESSAGE 
'ENTER 
THE 
DESTINATION 
ADDRESS:_' 


FOR 
EACH 
STATION 
INITIALIZE 
RSD 
RECORDS 
1. STATION·ADDRESS 
2. STATION·STATE 
= DISCONNECT 
3. BUFFER·STATE 
= BUFFER·NOT·READY 
4. INFO-LENGTH 
= 0 


BUILD CONTROL 
FIELD USING EITHER 
I, RR, RNR 
AND NR AND/OR NS 


MOVE 
DATA 
FROM 
SIU·RECV·BUFFER 
TO 
RSD 
BUFFER 


APPENDIX 
B 
LISTINGS 
OF SOFTWARE 
MODULES 


inter 


STITLE 
('RUPI-44 
Second.-"", 
St.tion 
DT'iv.r') 
SDEBVO 
SREQISTERBANI( 1) 
MAIN.MOD: 
DOl 
.NOLIST 


DECLARE 
LIT 
TRUE 
FALSE 
FOREVER 


LITERALLY 
LIT 
LIT 
LIT 


'LITERALLY', 
'OFFH', 
'OOH', 
'WHILE 1', 
'* SOLe 
conunand. .n. r •• pans •• 
*/ 


DECLARE 
SNRM 
LIT 
'B3H', 
UA 
LIT 
'73H', 
DISC 
LIT 
'43H', 


DI'l 
LIT 
'lFH', 
FRHR 
LIT 
'97H', 
REO_DISC 
LIT 
',3H', 
UP 
LIT 
'33H', 
TEST 
LIT 
'0£3H'. 


1* u••." .tat •• */ 


OPEN_S 
LIT 
'OOH', 
CLOSED_S 
LIT 
'OtH', 


1* Station 
.t.t •• */ 


DISCONNECT 
_8 
FRP1fCS 
I_T_8 


'OOH'. 
'* 
LOOICAL.LV 
DISCONNECTED 
STATE*, 
'9tH'. 
'* FRAME 
REJECT 
STATE *' 
'02H;, 
'* 
INFORMATION 
TRANSFER 
STATE 
*/ 


USER_STATE_CLOSED 
LIT 
LINKJUSCONNECTED 
LIT 
OVERFLOW 
LIT 
DATA_TRANSPUTTED 
LIT 


'OOH', 
'OlH', 
'02H', 
'D3H', 


UNASSIQNED_C 
LIT 
NO_IJIELD~LLOWED 
LIT 
BUFF_OVERRUN 
LIT 
SES_ERR 
lIT 


'OOH', 
'OtH', 
'02H'. 
'03H', 


7 
2 
S 
2 
9 
1 


10 
2 
11 
2 
12 
1 


13 
2 
14 
2 
1. 
2 
16 
1 


17 
2 


IS 
2 
19 
2 
20 
2 
21 
2 
22 
2 
23 
2 
24 
2 


2. 


26 
2 


27 
2 


2S 
2 


30 
2 


32 
2 


34 
3 


USER_STATE 
STATION_STATE 
I_FRNE_LENOTH 


AUXILIARY, 
MJXlLIARY. 
AUXILIARY. 


BUFFER_LENOTH 
SIV_X'11 
T _DUFFER 
(BUFFER_LENQTH) 
S I U_RECY _BUFFER 
(BUFFER_LENOTH) 
FRI'1R_BUFFER(:3) 
BYTE, 


'60', 
PUBLIC 
PUBLIC, 


SIU_RECV: 
PROCEDURE 
(LENgTH) 
EXTERNAL, 
DECLARE 
LENGTH 
BYTE. 


END 
SIU_AECY, 


OPEN: 
PROCEDURE 
PUBLIC 
USINQ 
2, 
USER_STATE-OPEN_SI 
END 
OPEN. 


CLOSE: 
PROCEDURE 
PUBLIC 
USING 
21 
A"'-OJ 
USER_STATE-CLDSED_SJ 
END 
CLOSE, 


USER_STATE-CLOSED_SI 
STATION_STATE-DISCONNECT 
_91 
T85-. 
SIU_xt'UT_BUFFER(O)J 
RSB-. 
SIU_RECV_BUFFER(O)I 
RIL-SUFFER_LENOTHI 
RRE-l, 
/* 
En.ble 
the 
SIU'. 
T'eceivel' 
*/ 
XI'11T _BUFFER_EI'tPTY-ll 


END 
POWER_ON_OJ 


TRANSMIT: 
PROCEDURE 
(XHIT_SUFFER_LENQTH) 
BYTE 
PUBLIC 
USINO 
0, 


OECLAAE 
Xl'tIT_BVFFER_LENOTH 
I 
STATUS 


BYTE. 
BYTE 
BYTE 


IF 
USER_STATE-eLOSED_S 
THEN 
STATV5-USER_STATE_CLOSEDI 
ELSE 
IF 
9TATION_STATE-DISCONNECT_9 
THEN 
STATUS-LINK 
DISCONNECTEDI 
ELSE 
IF 
XI"'IIT _BUFFER_LENOTH>BUFFER_LENQTH 
THEN 
ST ATUS-ovERFLOWi 
ELSE 
DOJ 


inter 


3' 
3 
36 
3 
37 
3 


38 
3 
39 
3 
40 
3 
41 
2 
42 
1 


43 
2 


44 
2 


4' 
2 
46 
2 
47 
2 
48 
3 
49 
3 
'0 
2 


'1 


'2 
2 


'3 
2 
'4 
2 
" 
2 


'7 
3 
'8 
3 
'9 
3 
60 
2 


62 
3 
63 
3 
64 
3 
6' 
2 


66 


67 
2 


68 
2 


69 
2 


70 
2 
71 
2 
72 
2 


73 
2 
74 
3 
7' 
3 


XMIT 
_BUFFER_EMPTY-O' 
TSL-XMIT _BUFFER_LENOTHI 
I_FRAI"IE_LENQTH-XM1T_BUFFER_LENQTHI 
./* 
Bta,.. 
length 
in 
ca ••• 
t,.tion 
is 
" ••• t 
b." 
FRtotR. 
SNRI'1 etc. 
*1 
TBF-ll 
STATUS-OAT 
A_TRANS'" 
I TTEDI 


ENDI 


RETURN 
ST ATUSI 
END 
TRANSMIT, 


XHIT_UNNUHBERED: 
PROCEDURE 
(CONTROL_BYTE) 
I 


DECLARE 
CONTROL_BYTE 
BYTE. 


Tea-CONTROL_BYTE, 
TBF-l1 
RTS-!I 
00 
WHILE NOT SI, 
END, 
81-0, 


SNRI'1_RESPONSE: 
PROCEDURE 
I 


STATION_STATE-X_T 
_51 


NSNR-O, 
IF 
<ReS AND 10H) 
<> 0 /* 
R•• pond 
11 
polled 
*/ 
THEN 
DO' 
TBL-O, 
CALL 
XI'1IT_UNNVt18ERED(UA), 
ENOl 
IF 
XI'1IT_BUFFER_EMPTV-O 
'* I' 
en 
I 
'r .•me 
w•• 
l.,t 
pending 
'trensmi 
•• 
ion 
then r •• tor. 
it *' 


THEN 
DO, 


TBL-IJ'RAME_LENOTH. 
TBF-l, 


END, 


XMIT_FRf'1R: 
PROCEDURE 
(REASON) 


DECLARE 
REASON 
BYTe, 


T8S-, 
FR"'R_BUFFER 
(0) 
J 


TBL-3, 
FRt'm_BUFFER 
(O>-RCBl 


1* Swap 
nibbhs 
in 
NSNR *1 
FRI"IR_BUFFER( 1 )-<SHL( 
(NSNR 
AND OEH>. 4) 
OR 
SHR( tHSNR 
AND OEOH), 4»1 
DO CASE 
REASONJ 


FRf1R_BUFFER(2}-OlHJ 
/. 
VNASSIQNED_C 
*1 


inter 


71> 
3 
77 
3 
78 
3 
7. 
3 


80 
2 


81 
2 


83 
3 
84 
3 
8S 
4 


"" 
4 
87 
3 
88 
3 
89 
1 


90 
2 


91 
2 


93 
2 


9S 
3 
91> 
3 
.7 
3 
98 
1 


'" 
2 


100 
2 


102 
3 
103 
3 
104 
3 


10S 
2 


107 
3 
108 
3 
109 
3 


111 
4 
112 
4 
113 
4 
114 
3 


11S 
3 
111> 
3 


118 
4 
119 
4 


FRP'It_BUFFER 
(2 )-OiZth 
FAI'IR_BUFFER 
(2) 
aQ4H. 
Fftl''IR_BUFFER(2).08H1 
ENOl 
'* 
ND_l_FIELO_ALLOWEO 
., 
/. 
BUFF _OVERRUN *, 
/* 
SES-.ERR 
., 


8T ATION_STATE-FRf'lR_S, 


IF 
(Rei 
AND lOH) 
00 
THEN 
DOl 


TBF-., 
RTS-ll 
DO ••.•ILE 
NOT SI, 
ENDI 
91-<), 
ENOl 


IF 
(CUSER_STATE-oPEN_B) 
AND 
«ReI 
AND 
OEFH)-SNR"» 
THEN 
CALL 
SNR"J'ESPONSEI 


ELSE 
IF 
(ReI 
AND 10t·0 
<> 
0 
THEN 
DO, 


TlL-O, 
CAU. 
X"IT_lN«Jf'IIEREDCDf'l), 
ENDI 


END 
IN_DISCONNECT 
_STATE' 


IF 
CACI 
Nft) 
OEFH)-SNR'" 
THEN 
DOl 
CALL 
SNRI'1_RESPONSEI 
T8S-" 
SIU_XI"IIT_BUFFERCO)J 
'* R•• tor. 
t,..n._U bu"." 
.tart .dd".,•• , 
ENDI 


ELSE 
IF 
CRCa 
ftNO 
OEFH)-OISC 
THEN 
DOl 
STATION_BTATE-DISCONNECT 
_51 
T8S-"BIU_X"IT_BUFFERCO)J 
'I' R•• tor. 
b'.n •• it 
bu"." 
.t.rt 
addre., *' 


IF 
(ReI 
AND 
lOH)<> 
0 
THEN 
DOl 
TIL-O. 
CALL 
ntIT_UNNUPtBEREOCUA). 
ENOl 


ELSE DO; 
/* R.cl'ivl' 
control 
b..,t. 
i •• o•• thinll 
othl'r 
than 
DISC or 
SNR" 
1" 
IF 
(ReD 
AND 
lOti) 
<> 
0 
THEN 
DOl 
TBF-l, 
RTS-li 


120 
• 
121 
• 
122 
4 
123 
3 


124 


12. 
2 


126 
2 


128 
2 


130 
·3 
131 
3 


133 
4 
134 
4 
13' 
4 
136 
3 


137 
2 


139 
3 


141 


143 
5 
144 
• 
14. 
• 
146 
• 
147 
• 
148 
• 
149 
• 
150 
• 
1.1 
• 


1.2 
4 


1'4 
• 
I" 
5 
1'6 
• 
1.7 
4 


158 
3 
1'9 
3 


160 
2 


162 
3 
163 
3 


16. 
3 


DO 
WHILE 
NOT 
SII 
END; 


ENOl 


IF 
(RCD 
AND 
OEFH)=5NRI'1 


THEN 
CALL 
SNRM_RESPONSE. 


ELSE 
IF 
(RCD 
AND 
OEFH)-OISC 


THEN 
DO. 
STATION 
STATE-DISCONNECT 
_8. 
IF 
(RCa-AND 
10H)<>O 
THEN 
DO, 


TaL-OJ 
CALL 
XMIT_UNNUI1BERED(UA); 


END, 


ELSE 
IF 
{RCS 
AND 
OEFH)-TEST 
THEN 
DO, 


IF 
(RCD 
AND 
10HDO 
/* 
Respond 
if 
polled 
*' 


THEN 
DO. 
/* 
FOR 
80"1-1. 
SEND 
THE 
TEST 
RESPONSE 
WITHOUT 
AN 
I 
FIELD *' 


IF 
(80"1-1) 
THEN 
001 


TBL=O. 
CALL 
XHIT_UNNUHBERED{TEST 
OR 
10H)1 


END; 


ELSE 
001 '* 
I' 
no 
80"1 •• 
end 
received 
I 
field 
b.ell 
to 
pl"im.l'U *' 


TBL-RFL; 
TBS""RBS; 
CALL 
XI"IIT _UNNUMBERED <TEST 
OR 
10Hb 


T8S-, 
SIU_XHIT_BUFFER(Oh 
'* R•• tore 
TDS *' 
ENOl 


IF 
XMIT 
BUFFER 
EMPTV-O 
THEN 
DO, 
- 
TBL""I_FRAME_LENQTHi 
TBF-II 


END; 


THEN 
DO; 


AM,.. 
11 
IF 
XMIT_BUFFER_EI'1PTY 
• 
1 
THEN 
TBL 
.., 
OJ 


TBF ,. 
1; 
/* 
Send 
an 
AUTO mod. 
".spons. 
*/ 


166 
3 
167 
3 


169 
~ 


169 


170 
~ 


171 
~ 


17~ 
~ 
173 
~ 


17' 
3 


177 , 


179 , 


179 , 
190 , 


191 
• 
19~ 
• 
193 
3 
19. 
3 


19' 
~ 


197 
3 


199 
3 


191 
• 
.192 
• 
193 
• 
19. 
3 


196 
3 


199 
• 


200 
• 
~I 
• 
~O~ 
3 
~03 
3 
~O' 
3 
~, 
3 
~06 
3 


~OB 
3 


210 
4 
211 
4 
212 
4 
213 
4 
214 
4 
21' 
3 
216 
1 


91-01 
IF 
STATION_STATE<> 
I_T_8 
/* 
l'1u.t 
b. 
1n 
NON-AUTO 
mode 
./ 


THEN 
DOl 


IF RBE-O '* Rec:eived 
• 
fr., •••? 
Oive 
respon •• *' 
THEN 
DOl 
DO CASE 
STATION_STATE. 
CALL 
IN_DISCONNECT 
_STATEI 


Ct\LL 
IN_FRI'1R_STATEI 


ENOl 
RBE-I, 
ENOl 


IF ••••••• 
0 
Tt£H 
DO. 


IF 
(RCa 
AND 
OEFH)-OISC 
THEN 
CALL 
COf1I"IAND_DECODEI 
ELSE 
IF 
USER_STATE-CLOSED_B 
THEN 
DOl 
TBL-OJ 
CALL 
XI"IT_UNNlJt1BERED(REQ_DISC) 
I 


END. 


ELSE IF SES-I 
THEN 
CALL 
Xf1IT_FRMRCSESJRR)1 
ELSE 
IF 
BoV-l 
THEN 00,1* 
DON#T 
BEND FRI'1R 
IF 
A TEST 
WAS RECElVED_, 
IF 
(RCD AND OEFH)-TEST 
THEN 
C ••••••L 
COf1I"t,\NO 
DECODE. 


EL.SE 
CALL 
Xt1 I T_FR;;;R 
(BUFF 
_OVERRUN)J 


ENO, 
ELSE 
CALL 
COttl1AND 
DECODE, 
RHE-!, 
- 
END. 


ELSE 001 '* l'lUST STILL BE IN AUrO "ODE *' 
IF 
TBF-O 
THEN 
Xf1IT_BUFFER_Et1PTY-1; 
'* 
TRANSMITTED 
/It 
FRAME 
*1 
IF 
RBE-O 
THEN 
001 


RIP-I, 
'* 
RNR 
STATE 
*1 
RBE-li 
1* 
RE-ENABLE 
RECEIVER 
*1 
CALL 
SIU.-RECVCRFLh 
RSP-OJ 
1* 
RR 
STATE 
*1 
END. 


MODULE 
IhFORr1ATION: 


CODE 
SIZE 
CONSTANT 
51 ZE 
DIRECT 
VARIABLE 
SIZE 
INDIRECT 
VARIABLE 
SIZE 
BIT 
SIZE 
• 
8 IT-ADDRESSABLE 9 I IE 
AUXILIARV 
VARIABLE 
8IZE 
••••••XU"IVt1 
STACK 
SIZE 
REQI8TER-UANK(S) 
USED: 


460 
LINES 
READ 
o 
P"OORAt1 
ERROR(S) 
END .oF PL/t1-'1 
COf"IPlLATIQN 


(STATIC+OVERLAVABLE) 
- 028FH 
6"0 
- 
DOOCH 
00 
3FH+02H 
630+ 
20 
3CH+OOH 
600+ 
00 
01H+00H 
10+ 
00 
OOH+OOH 
00+ 
00 
- 
OOOOH 
60 
- 
0017H 
230 
o I ~ 


.TITLE 
.debug 
• .,..ght 
• .,.b.nll (0) 
use"'.Mod: 
dOl 
.NOLIST 
DECLARE 
LIT 
TRUE 
FALSE 
FOREVER 
ESC 
LF 
CR 
SS 
SEL 
EP1PTY 
INVSE 
FULL 
UBER_STATE_CLDSED 
LINK_DISCONNECTED 
OVERFLOW 
DATA_TRANS/'1ITTED 


LITERALLY 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 


BUFFER_LENQTH 
LIT 
S I U_x •.n T _BUFFER 
(BUFFER_LENQTH 
> 
S I U_RECV 
_BUFFER 
(BUFFER_LENQTH 
> 
FIFO_T<:i2~6) 
BYTE 
IN_PTR_T 
BYTE 
OUT_PTR_T 
BYTE 
BUFFER_STATUS_T 
BYTE 
FIFO_RC254} 
BYTE 
IN_PTR_R 
BYTE 
OUT JTR_R 
BYTE 
BUFFER_STATVSY 
BYTE 


'LITERALLY', 
'OFFH', 
'OOH', 
'WHILE 
t', 
'ISH', 
'OAH', 
'ODH', 
'OSH', 
'07H', 
'OOH'. 
'OtH'. 
'O:2H'. 
'OOH', 
'OtH', 
'O:ZH', 
'03H'. 


'60', 
BYTE 
EXTERNAL 
BYTE 
EXTERNAL. 


AUXILIARY. 
AUXILIARY, 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY, 
AUXILIARY, 
AUXILIARY. 


LENOTH 
CHAR 
I 
USART_CMD 
DESTINATIOtCADDRESS 
SEND_DATA 
RESULT 
ERR_MESSAOE_INDEX 
ERR_MESSAOE_PTR 


AUXILIARY, 
AUXILIARY, 
AUXILIARY, 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 


intJ 


OVER_RUN 
C.) 
BYTE 
CONST~NT(LF. 
CR. 'OvRrrun 
Error 
D.t.c 
t.d·. 
LF. 
CR. 0), 


LINKC.) 
BYTE CONSTANHLF,CR. 
'Vn_bh 
to o.t 
Onlin.'.lF,CR,OOH), 


DEST_AnDRC.) 
BYTE 
CONSTANTCCR, 
LF. 
LF. 


'Enta,. 
th •. d•• tination 
add1".ss: 
" 
BS. 
86. 
0), 


BION_ONH) 
BYTE CONSTANT(CR. 
LF. LF. 
'c,n 
RUPI-44 S.conde"", 
Station', 
CR. 
LF• 


• 
\/', 
CR, 
LF. 
LF. 
'1 
- 
Sat 
the 
Station 
fIlddress',LF,CR. 
'2 
- 
Set 
the 
D•• tination 
Addr ••• 
·,CR,LF. 


'3 
- 
00 
Onlin.',CR,LF. 
'4 - 00 O,'lin.',CR.LF. 
'5 
- Return 
to 
ta,,_!nllli 
_od.',CR.LF,LF, 
, 
Ente" 
option: 
_', 
as. 
0), 


XP1tT_BUFFER_EMPTY 
STOP_BIT 
ECHO 
WAIT 
ERROR_FLAO 


EXTERNAL. 
/. 
SemaphorR 
for 
RUPI 
SIOU 
n·.nsm1t 
Bu'f1er 
+/ 


AT(147) 
REO. 
1* 
Terminal 
parameters 
*1 


ATCOB4H) 
REO. 
,. 
ft •• out nag *' 
'* £""0," 
m •••• 
g. 
Flag *' 


VSART_STATUS 
BYTE 
ATC0901H) 
AUXILIARY. 
VSART_DATA 
BYTE 
AT<OBOOH) 
AUXILIARY. 
TUtER_CONTROL 
BYTE 
AT( 
tOO3H) 
AUXILIARY. 
TIf'tER_O 
BYTE 
AT< tOOOH) 
AUXILIARY. 
TU1£R_1 
BYTE 
AT< 1001H) 
AUXILIARY. 
TIP1ER_2 
BYTE 
ATt1002H) 
AUXILIARY; 


inter 


6 
2 
7 
1 


8 
2 
9 
1 


10 
2 
11 
1 


12 
2 
13 
2 
14 
1 


15 
2 
16 
2 
17 
1 


18 
2 


19 
2 


20 
2 
21 
2 
22 
2 
23 
2 


24 
2 
25 
2 
26 
2 
27 
2 


POWER_ON_D: 
PROCEDURE 
EXTERNAL' 
END POWER_lINJl. 


CLOSE: 
PROCEDURE 
EXTERNAl. 
USINO 
21 


END 
CLOSE' 


TRNl8tI1T: 
PROCEDURE 
(X"IT..JIUFFER...LENOTHI 
DECLARE 
Xf'lIT_BUFFERJ.ENOTH 
BYTE, 
END 
TRANSI'ItTJ 


TtI'ER_O_INT: 
PROCEDURE 
INTERRUPT 
1 USH~ 
11 
WAIT-<), 
END 
TIPER_O_INT. 


SI1D-54H, 
/* 
Ustn. 
DPLL. 
NRZI. 
PFS. 
TIf'ER 
1•• 
62. ~ Kbps *' 
TttOD-21HI 
'* Ti •• ,. 
0 
16 
bit. 
Ti •• 
1" 
1 .uta ,.elo.' *' 
TH1-oFFHJ 
TCDN-4OH, 


TIP1ER_CONTROL-37HI 
1* 
InlU.U,. 
USART'. 
svstem 
cloclll 
92'4 *' 
TII'1ER_O-o4HI 
TlI'tER_o-ooHl 
TIf1ER_CONTROL-77HJ '* 
IniU.Un 
T.C. 
Rae *' 
,- 
D.finition 
foT' 
dip 
.w1tt" 
thd 
to 
PI. o to 
PI. 
6 


au R.t. 
3 
2 


300 
on 
on 
on 
1200 
on 
on 
0" 
2400 
on 
0" 
on 
4800 
on 
0" 
0" 
9600 
0" 
on 
on 
19200 
0" 
on 
0" 


Stop 
bit 


1 
on 
2 
0" 


P."'itv 
6 
5 
0" 
on 
on 
0« 
on 
0" 
0" 
0" . 
on 
even 
0" 
0" 


2lI 
2 
2'P 
2 


31 
3 


32 
4 
33 
4 
34 
4 
35 
4 


36 
4 
37 
4 
38 
4 
3'1 
4 


40 
4 
41 
4 
42 
4 
43 
4 


44 
4 
45 
4 
46 
4 
47 
4 


48 
4 
49 
4 
50 
4 
51 
4 


52 
4 
53 
4 
54 
4 
55 
4 
56 
3 


57 
2 
58 
2 
59 
2 
60 
2 


61 
2 
62 
2 
63 
2 


65 
2 


66 
2 
67 
2 


68 
2 


TEt1P-Pl AND07Hl 
/* R•• d the 
dip 
switch 
to 
det.rmine 
the 
bit 
r.t. 
*1 
IF 
TEMP>5 
THEN 
TEMP-O, 
DO 
CASE 
TEI'tPJ 
1* 300 */ 


TIMER_l-S3HI 
TII"lER_1-20HI 
ENO, 


TIHER_1-20HJ 
TIHER_l-0:JHI 
ENOl 


TH1ER_1-60HI 
TIMER_l-02Hi 
END. 


TU1ER_1-30HJ 
TIMER_I-OIHI 
END. 


TH1ER_1-6'HI 
TII''1ER_I-OJ 
ENO, 


TIMER_1-33H1 
TIMER_I-Ol 
END. 
ENO, 


USART_STATUS-O, 
/* 
80ft 
••••,.. 
pow.r-on 
T ••• 
t 
floT' 8251" 
*1 
UBART _STATUS-O, 
UBART _STATUS-OJ 
UBART _STATUS-40HI 


TEf'F-OAH, 
/* O.t.r",ine 
the 
p.rit", 
end. 
0# 
stop 
bits 
*1 
TEMP-TEt'tP 
OR (PI 
AND 30H)/ 
IF STOP_BIT-I 
THEN 
TEf1P-TEMP 
OR 
OeOHI 
ELSE 
TEP1P-TEMP 
OR 40HI 


inter 


49 
2 


70 
2 


71 
2 


72 
2 


73 
2 


74 
2 


75 
2 


74 


77 
2 
79 
2 


79 
2 
90 
2 


91 
2 


93 
3 
94 
3 
95 
3 
94 
3 
97 
3 
99 
2 


90 


91 
2 


92 
2 


93 
2 
94 
2 
95 
2 


97 
3 
99 
3 
99 
3 
100 
2 


102 
2 


103 


104 
2 


SEND_DAT"·OI '* Inti.Ula 
Fla,. 
*' 


INJ'TR_T. 
OUT_PTR_T. 
IN_PTR_R. 
OUT_PTR_R 
• 
OJ/*Initiali.u 
FIFO 
PTR.*' 


BUFFER_STATUS_T. 
BUFFER_9TATUSJt- 
Ef'I'TYJ 


CALL 
POWER_ON_D; 


'* USART'. 
RIlRdlJ is 
th. 
high •• t priorUlJ 
*' 
'* Bath •• t."n_l 
int."rupta 
.r. 
level 
tri".red*1 
/* Ene'" 
VSARTRIlRdlJ. 81. 
and Tt•• ". 0 interrupt 
•• ' 


ERRORftAG-o, 


END 
POWER_ON I 


FIFO 
R 
IN 
I'ROCEDURE 
<CHNU 
USING 
I' 


DECLARE 
CHAR 
BYTE, 


FIFO.Jt( 
IN_PTR_R )-e;HNt. 


INJTRJ.IN_PTR~R+l. 


IF 
BUFFEIt_STATUS_R-Ef'FTY 
TfoEN DOJ 


£A-o. 
BUFFER_STATUS_R-I 
NVSEI 


EU-l1 
'* Enable 
USART'. 
raO interrupt 
*1 
EA-l1 
END, 
ELSE 
IF 
«BUFFER_STATUS_R-lNUSE) 
AND (IN_PTRJ-otJTJTR_R) 
THEN 
8UFFER_STATUS_R-FULLI 


END FIFO_R_IN' 


FIFO_R_OUT: 
PROCEDURE 
BYTE 
VSlNCil 
1; 


CHAR-FIFO_R(OUT 
_PTR_R) 
I 


OUT _PTR_R-ouT 
_PTR_R+IJ 


IF 
OUT_PTR_R-IN_PTR_R 
THEN 
DO. 


EU-Ol 
'* Shut 
olf 
TaD int.,..rupt *' 


BUFFER_STATVS_R-Ef'tPTY. 
END, 


ELSE 
IF 
«BUFFER_STATUS_R-FULL) 
AND 
(OUT_PTR~-:i!O-IN_PTR_R» 
THEN 
BUFFER_STATUS_R-XNUSEI 


RETURN 
CHAR, 


inter 


106 
2 


108 
3 


110 
4 
111 
4 
112 
4 


113 
4 
114 
4 
115 
4 


117 
4 
118 
3 


119 
2 


120 


121 
2 


122 
2 


123 
3 
124 
4 
125 
4 
126 
3 
127 
3 


128 


129 
2 


130 
2 


131 
2 
132 
2 
133 
2 


135 
2 


137 
2 


139 
3 
140 
3 
141 
3 


143 
3 
144 
1 


IF 
ERROR_FLAG 
THEN DO. 


IF 
f1ESSAQECERR_I'tESSAOE_INDEU<>O ,* Then 
continue 
to 
•• nd 
the 
••••••• 
*' 


THEN 
DOl 


USART _DATA· 
f£SSAOECERR_f'1ESSAQE_INDEX) 
I 
ERRJ1ESSAOE_I 
NDEX-ERR_P1ESSAOE_INDEX+ 
I. 


END. 


ELSE DOl '* If 
"'•••• 
g. 
is 
done 
,. ••• t ERROR_FLAg and 
shut 
of' 
intel'T'upt 
if 
FIFO 
1••• 
ptlJ *' 


ERROR_FLAQ-Ol 
IF 
BUFFER_STATU8_R 
• 
EI'tPTY 
THEN 
EXI-0; 


BIU_RECV: 
PROCEDURE 
U •.ENOTH) 
PUBLIC 
USINg 
I, 


DECLARE 
LENOTH 
BYTE. 


I 
BYTE 


DO 1-0 
TO L.ENQTH-IJ 


DO WHILE 
BUFFER_STATUS~.FULLI/. 
Chad 
to 
••• 
if 
'Ua 
is 
full 
*' 
END. 
CALL FIFO-,,_INC9IU_RECY_BUFFERC 
I»J 
END. 


FIFO_T( 
IN_PTR_TJ-CHARI 


IN_PTR_T-IN_PTR_T+l1 
IF CHM-LF 
TI£N 
SEND..,DATA-SEND_DATA+ll 


IF 
BUFFER_STATVS_T-E"'TY 
THEN 
BUFFER_STATUS_T-JNU8E1 
ELSE 
IF 
(CIUFFER_STATUS_T-INV8E) 
AND 
<IN_PTR_T+2o-cMJr 
_P1R_1)) 
THEN 
DO, '* Stop 
".cepUon 
udng 
eTa *' 
USART _STATUS. 
USART _CI'10aUSART 
_C"D 
AND 
NQT<2OH) 
I 
8UFFER_STATUS_T-FULLJ 
IF SEND_DATA-O 
THEN SEND_DATA-I,/_I' 
the 
bu"n' 
is 
full 
and 
na 
LF 
ha. 
been 1'.ceived 
then •• nd data 4' 


14' 
2 


146 
2 


147 
2 
148 
2 
149 
2 


1'1 
3 
1'2 
3 
1'3 
3 
U4 
3 
I" 
3 
1'6 
2 


1:18 
3 
1'9 
3 
160 
3 
161 
2 


163 
2 
164 
1 


16' 
2 


166 
2 


167 
2 


169 
2 


171 
2 


173 
2 


174 
2 
17' 
2 
176 
2 


177 


17. 
2 


179 
2 


180 
2 
181 
2 
182 
2 


183 
2 


184 
3 


CHAA-FIFO_T<OUT 
_PTR_T) 
I 
OUT _PTR_T-OUT 
JTR_T+l, 
IF 
OUT_PTR_T-IN_PTR_T 
/* Than 
FIFO_T 
1s 
••• ptV 
., 
THEN 
DOl 
EA.-OJ 
BUFFER_ST 
ATVS_ 
T-EI'IPTY, 


SEND_DATA-OJ 
EA-., 
END. 
ELSE 
IF 
(CIUFFER_STATUS_T-FULL) 
AND 
(OUT_PTR_T-aO-IN_PTR_T» 
THEN 
DO, 


VSAAT 
_STATUS, 
USART _Ctm-VSART 
_crom 
DR 
20HI 
BUFFER_ST 
ATUS_ 
T- 
lNUSEI 


ENOl 


IF 
(CHAR-LF 
AND 
BEND 
DATA>O) 
THEN 
SEND_DATA-SEND_DATA-l1 


RETURN 
CHARI 
- 
END 
FIFO_T 
_OUT! 


ERROR: 
PROCEDURE 
(STATUS) 
USINQ 
21 


IF 
(STATUS 
AND OSH)(>O 
THEN 
ERR_1'tE68AQE_PTR-. 
PARITY, 


ELSE 
IF 
(STATUS 
AND lOH)(>O 
THEN 
ERR_ME9SAQE_PTR-. 
OYER_RUNI 
ELSE 
IF 
(STATUS 
AND 2OH)<>O 
THEN 
ERR_I1ESSAOE_PTR-. 
FAN1E1 


USART_STATUS-CUSART_C,mDR 10lH, 
/* R••• t 
error 
'bgs 
on VSART*, 


ERR_ttE88AOE_INDEX 
• 
OJ 


ERROR_FLAO-!I 
EXt-I, 
/* Turn 
on Tx Interrupt 
*/ 


DECL.ARE 
ItESSAOE_PTR 
WORD 
"£SSAOE 
BASED 


,J 
BYTE 
Ext_STORE 
BITI 


AUXILIARY, 
P1EBSAOE_PTR C1 ) 
AUXILIARY. 


EXl_STORE-EXlJ 
/* 
Shut 
off 
•• 
",nc 
tr.nalllit 
int.rrupt 
*/ 


Ext-OJ 
I'1ESSAOEJTR-. 
LINKJ 


"'-OJ 
DO 
WHILE 
Cf1ESSAOEC"')OO)J 


18' 
4 
186 
4 
187 
3 
188 
3 
III'J 
3 
1'10 
2 
1.1 
I 


I~ 
2 
1.3 
2 


1.4 
3 
I.' 
3 
I." 
2 


1.7 


1911 
2 


I" 
3 
200 
3 
201 
2 


202 


203 
2 


204 
2 


20' 
2 


20•• 
3 
207 
3 
~ 
3 


210 
2 
211 
2 


213 
2 


214 


21' 
2 
21•• 
2 


217 
2 


218 
3 
21. 
3 
220 
3 


DO WHILE 
WSAAT_SrArUS 
AND 
01H)-OJ 
/* 
W.it 
'or 
r.RDY 
on USART 
*/ 
ENOl 
USART _DATA-MESSAOE( 
J); 
J-J+ll 
ENOl 
EXt-EXI_STOREl 
/* Restore 
asyne 
transmit 
interrupt 
*/ 


END 
LINK_DISCI 


co: 
PROCEDURE 
(CHAR) 
USINO 
21 


DECLARE 
CHAR 
BYTE; 


DO WHtLE 
(USART_Srl\rUS 
AND 01H) 
- 
OJ 


ENOl 
USART _DATA-CHAR, 


DO WHILE 
(USART_STATUS 
AND 
02H) 
• 
0, 
ENOl 
RETURN 
USART _DATAl 


DO 1-0 TO I" 
IF 
CHAR-HEX_TABLEC 
I) 
THEN 
OOTo 
L 1 , 


Ll: 
CALL 
COCHEX_TABLE(I»1 


IF )-16 
THEN 
OOTo 
LOI 


DID 
OETJ£X' 


OUTPUT _PE:9SAOE: 
PAOCEDURE 
H1ESSAOEJlTA) 
USINO 
21 
DECLARE 
f'lESBAQE_PTR 
WORD, 


f'lESSAQE 
lASED 
PlESSAQE_PTR (1) 
BYTE 
CONSTANT, 


J 
BYTE 
AU)! lLIMY, 


DO WHILE 
PE8SAQE( 
J) 
<> 
0; 


C •••..L 
COUi£SSAOE( 
I», 


I-I+IJ 


221 
3 


222 


223 
2 


224 
2 


22~ 
2 


226 
2 


227 
3 
228 
3 


230 
3 


231 
2 
232 
2 


234 
3 


23~ 
236 


237 


238 


239 


240 
4 


241 
4 
242 
4 


243 
4 
244 
4 


24. 
4 


246 


247 


248 
4 


24~ 
4 


DECLARE 
I 
BYTE 
CHAR 
BYTE 
STATION_ADDRESS 
BYTE 


AUXlLIARY. 
AUXILIARY. 
AUXILIARYJ 


DO 1-0 
TO 41 
IF 
CHAR-MENU_CHAR 
(I) 
THEN 
gOTD 
"'11 


1'11; CALL 
COHIENU_CHAR (l», 
IF 1-:5 
THEN 
gOTo 
I'10J 


DO 
CASE 
IJ 


DESTINATION_ADDRESS-(DESTINATION~DDRESS 
OR 
QET_HEX 
)1 


CALL 
OUTPUT_MESSAQE(. 
D_ADDR_ACK)I 


"50 
4 
"" 
4 


""" 
4 
"'3 
4 


"'4 
4 
"" 
4 
"'" 
4 
"'7 
4 


"'" 
4 
"'9 
4 
"60 
4 
"61 
4 


"62 
3 


"63 
3 


"64 


"6' 
" 
"66 
" 


"67 
" 
"68 
" 
"69 
" 


"71 
" 
"73 
3 
"74 
3 


"7' 
3 


"77 
3 


"78 


"79 


280 
" 
281 " 
283 
4 


284 
4 


28' 
3 


286 
3 


287 
4 


CALL. COO£X_T 
••••L.E(St'.UDE8TINATI~_MDRE8S 
•• »), 


CALL 
CO(HEX_TABLECOFH 
Nfl) 
DESTINATION 
"ADDRESS) 
h 


CALL 
OUTPUT_f'ESSAQE(. 
ADDR_ACKJINJI 


ENDJ 


CALL OUTPUT P1ES$AOE(. 
FIN), 


CALL 
OPEN, 
- 
END. 


CALL OUTPUT PE88AOE(. 
FIN), 


CALL 
CLOSE,- 
END. 


CALL 
OUTPUT 
_HESSAOEC 
FIN) 
I 


END; 
/* 
DO CMiE *1 


CHAR-VSNIT_DAT 
•••, 
STATUS-usART 
_STATUS 
AND 
39Hi 


IF SrArUS<>O 
THEN CALL 
ERROfUsrArUSh 
ELSE IF CHAR-ESC 
THEN 
CALL 
11ENU, 


ELSE 001 


CALL 
FIFO_T_IN(CHAR)I 


IF 
ECHQ-O 
THEN 
CALL 
CO(CHARJ, 


BEgIN: 


CALL 
POWER_ONl 


DO 
FOREVERJ 


IF 
SEND_DATA>O 
THEN 
DOl 
DO 
WHILE 
NQT<XP'UT_BUFFER_EP'PTY)' 
/*W.U 
until 
SIU_Xt1IT_BUFF." 
i ••• 
pt\l 
*/ 
ENO, 
LENOTH. 
CHAR -1. 


Sl U_X"I 
T_IU:-FER 
(0) 
-DEBT 
I NA T] ON_ADDRESS. 
DO WHILE 
«CHAR<>LF) 
AND 
(LENQTH<BUFFER_LENOTH) 
AND 
(8UFFER_STATVS_T<>EPPTY», 


intJ 


2lI8 
4 
:ztI9 
4 
2'P0 
4 
291 
4 


292 
3 


:z93 
3 
2'P4 
3 


2'P6 
4 
297 
4 
:mI 
4 
299 
4 
300 
S 
301 
S 
302 
4 
303 
4 
304 
S 


306 
S 
307 
S 
308 
S 
309 
4 
310 
4 
311 
3 


312 
2 
313 
1 


CHAR-FIFO_T_OUTI 
SIU _Xt11 T _BUFFER 
(LENGTH) 
-CHAR, 
LENOTH-LENOTH+ 
Ii 
ENO, 


,. 
If 
the 
line 
ant.1".4 
at 
the 
ta.,..inal 
ia 
1.,.•• te1" then 
BUFFER_LENOTHchaT'••• 
nd the 
'irat 
BUFFER_LENGTH 
cha,.. 
then 
•• nd the 
,.•• \, 
since 
the 
SIU bu,f.,. 
h 
onl" 
BUFFER_LENQTH 
bVt•• *' 
Ll: 
1-0; '* U•• 
1 to 
count 
the 
nu.beT' 
of 
unaucc •• ful 
t".n •••• 
1t. *' 


RESULT-TRANSf11T<LENOTH)I 
/* Send 
the 
••••• 
g. *' 
IF 
RE9ULT<>DATA_TRANS"ITTED 
THEN 
DO. 
'* Wait 
50 ",•• e 
f01" 
link 
to 
connect 
then 
t"l1 ••• in *' 
WAIT-I, 
THO-3CH, 
TLo-OAFHI 
TAG-IJ 
DO 
WHILE 
WAITJ 
ENDI 
TRo-O, 
1-1+11 
IF 
1>100 THENDOl 
/* Wait 
5 •• e to 
•• t on 11n. 
el •• 
•• nd .1'T'0T' ••••••• 
to 
t.1'.1n.l 
end 
tT'V *.ain 
*' 
CALL LUI<._DISCI 
OaTO 
Ll1 
ENDI 


MODULE 
INFOR 
•••••TION' 
CODE 
SIZE 
CONSTANT 
SIZE 
DIRECT 
YAAIABLE 
SIZE 
INDIRECT 
YNUlllSLE 
SIZe 
BIT 
SIZE 
BIT-ADDRESSABLE 
sIZe 
AUXILIARY 
YARIABLE 
SIZE 
KAXItoU1 
STACK 
SIZE 
REgISTER-IANK(S) 
USED: 


713 
LINES 
READ 
o 
PROQRNt 
ERROR(S) 
END 
OF 
PL'P1-:H 
COf1PILATION 


(STATIC+OVERLAYABLE) 
• 
0682H 
1714D 
• 
01CFH, 
463D 
OOH+05H 
00+'0 
OOH+OOH 
OD+ 
00 
02ti+01H 
20+ 
10 
OOH+OOH 
00+ 
00 
• 
021FH 
'43D 
• 
0028H 
40D 
o 1 2 


.TITLE 
('RVPI-44 
Pri 
•• 
rw 
St.tion') 
.DEBUG 
_REQISTERBAHK(O) 
MAIN_t1OD: 
DO; 


DECLARE 
LIT 
TRUE 
FALSE 
FOREVER 


LITERALLY 
LIT 
LIT 
LIT 


DECLARE 
SNAM 
UA 
DISC 
OM 
FRMR 
REO_DISC 
UP 
TEST 
RR 
RNR 


'LITERALLY' 
• 


'OFFH', 
'OOH', 
'WHILE 
1', 


'93H', 
'73H', 
',3H', 
'lFH', 
'97H', 
"3H', 
'33H', 
'OF3H', 
'llH', 
'l'H', 


/* 
STATION 
STATES 
*/ 


DISCONt"ECT 
SLIT 
'OOH', 
/* 
LOGICALLY 
DISCONNECTED 
STATE*/ 


~~T~~..... 
DISC- 
~~~ 
:g~~:: 
/* 
INFORMATION 
TRANSFER 
STATE 
*/ 


/* 
PARAMETERS 
PASSED 
TO 
XMIT_I_T_S 
*/ 


T_I_FRAHE 
LIT 
'OOH', 


T_RR 
LIT 
'OlH', 


T.-RNR 
LIT 
'02H', 


NVI'1BER_OF 
_STATIONS 
LIT 
'2', 
SECONDARY_ADDRESSES 
(NUMBER_OF 
_STATIONS) 
BYTE 
CONSTANT 
(55H, 
43HJ. 


inter 


7 
2 


9 
2 


9 
2, 


10 
2 
11 
2 
12 
2 


13 
3 


14 
3 
1. 
3 
16 
3 
17 
3 


19 
3 


19 
2 
20 
2 
21 
2 
22 
2 
23 
2 


24 


25 
2 


26 
2 


27 
2 
29 
2 


RSD(NVI'1BER_OF 
_STATIONS) 
STRUCTURE 
<STATION 
ADDRESS 
BYTE, 


STATION-STATE 
BYTE. 
NS 
- 
BYTE. 
NR 
BYTE. 


BUFFER_STATUS 
BYTE. '* 
The st.tus 
of 
the 
•• cond.r~ 
stations 
buffer 
*' 


INFO_LENCTH 
BYTE. 


DATA(64) 
ByrE) 
AUXILIARY. 


'* 
VARIABLES 
*' 


STATION_NUI'1BER 
BYTE 
RECV_FIELD_LENOTH 
BYTE 
WAIT 
BIT. 
'* 
BUFFERS 
*/ 


SIU_Xt1IT_BUFFER(64) 
BYTE 
SIU_RECV_BUFFER(64) 
BYTEl 


POWER_ON: 
PROCEDURE 
; 


DECLARE 
I 
BYTE 


T8S •••.SIV_XMIT_BUFFER<O); 
RDS-. 
SIU_RECV_BUFFER(O); 


RBL-64j 
1* 
64 
B~t@ receive 
buffer 
*1 
ROE-Ii 
/* Enabl_ 
the 
SIU' • .,..ceivel" *' 


RBO( 
I). 
STATION_AODRESS--SECONOARY 
_ADDRESSES 
( I); 


RBO( 1). 
STATION_STATE-DISCONNECT 
_5' 
RBO( I). 
BUFFER_STATUS 
••aUFFER_NOT 
_READY' 


RSO( 
I). 
INFO_LENGTH=O; 


SMO-,4HI 
/* 
Using 
DPLl. 
NRlI. 
PFS. 
TIMER 
1•• 
62.5 
Kbps 
*1 
TMOD-21H. 
TH1-OFFH; 
TCON-40H; 
1* 
U~. 
tim.r 
0 for rec.iv. 
ti",. 
out interrupt 
*1 
IE:aS2H; 


END 
POWER_ON; 


x•.•n: 
PROCEDURE 
(CONTROL_BVTE); 


DECLARE 
CONTROl_BVTE 
BVTE; 


TCB-CONTROL_BVTE; 
TBF-l; 


29 
2 
30 
3 
31 
3 
32 
2 


33 


34 
2 
3' 
2 


36 
1 


37 
2 


38 
2 


39 
3 


40 
3 
41 
3 
42 
3 
43 
3 
44 
4 
4' 
4 


47 
4 
48 
'3 


49 
2 


'0 
2 


" 
'2 


'3 
2 


'4 
2 
" 
2 
'6 
2 


>7 
3 
'9 
3 
60 
3 
61 
3 
62 
2 


63 


64 


6' 
2 


RlS-l; 
DO 
WHILE 
NOT 
SI; 


ENOl 
51-0; 


TIP'lER_O_INT: 
PROCEDURE 
INTERRUPT 
1 
USINQ 
1. 


WAIT-D. 
END 
TIMER_O_INT. 


/* 
Time_out 
returns 
true 
if 
the"e 
wasn't 


•• fr.",e 
T'eceived 
lIlithin 
200 .s.c. 


If 
thu'. 
was. 
, .•••"'. 
received 
within 
200 ",.ee 
then 
time_out 
returns 
f.lse. 
*/ 


WAIT-ll 
THO-3CHl 
TLO-OAFHI 
TRO-i; 


DO 
WHILE 
WAIT. 


IF 81-1 
THEN 
OOTO 1_o1J 


END 
TIME_OUT; 


SEND_DISC: 
PROCEDURE. 


TBl-O. 
CALL 
XMIT<DISC) 
j 


IF 
TlME_OUr-FALSE 
THEN 
IF 
ReS-UA 
OR RCS-OM 
THEN 
DO. 


RSo (STAT 
I ON~UMBER 
). BUFFER_ST 
ATUS-SUFFER 
_NOT _READY I 


RSD(STATION_NUMBER). 
STATION_STATE-DISCONNECT 
_5; 


END; 


SEND_SNRf1: 
PROCEDURE. 


TBL-Oj 


66 
2 
67 
2 


6~ 
3 
70 
3 
71 
3 
n 
3 


73 
2 


70 


75 
2 


76 
2 


78 
2 


7~ 


80 


81 
2 


83 
3 
80 
3 
85 
3 
86 
2 


88 
2 


8~ 


~O 


~l 


~2 


~3 


~5 


~7 
0 


~8 
0 


CALL 
XMIT<SNRM), 
IF 
<TIME_OUr=FALSE) 
AND 
(ReS-VA) 
THEN 
DO; 
RSO(STATION_NUMBER). 
STATION_STATE=I_T 
_5. 
RSO(STATION 
NUMBER). 
NS"'O. 
RSO(STATION:NUMOERL 
NR=O. 
END; 


IF 
(RSO(STATlON_NUHBER>. 
NR-(SHR 
(RCD, 
1) 
AND 
07H» 
THEN 
RETURN 
TRUE. 
ELSE 
RETURN 
FALSE. 


END 
CHECK_NS; 


CHECK_NR: 
PROCEDURE 
BYTE; 


1* 
Ch.ck 
the 
NT' held 
of 
the 
"ecl'ived 
frame. 
If 
N~;(P)H·NT'(S) 
then 
the 
frame 
hill~ b•• n 
ackncwl.dg.d, 
els. 
if 
Ns(P)-N,.(S) 
then 
the 
frame 
has 
not 
been 


acknowledg.d, 
else 
T'e~et 
the 
seconda,,\! 
*1 


IF 
«(RSD(STATION 
NUMBER). 
NS 
+ 
1) 
AND 
07Hl 
= 
SHR(RCB,S» 


THEN 
DO, 
- 
RSO( STATION_NUMBER>' 
NS""( (RSOCSTATION_NUMBER 
>. NS+l) 
AND 
07H); 


RBO< STATION_NUMBER). 
INFO_LENGTH"'O; 
END; 
ELSE 
IF 
(RSO(STATION_NUMBER). 
NS 
(> 
SHRCRCS, 
5» 
THEN RETURN FALSE, 


1* 
II' 
an 
RNR was 
rlPceived 
bUfflPr_st~tus 
will 
be 
ch.nglPd 
in 
the 
supervisory 
frame 
decode 
section 
futher 
down 
in 
this 
proc@dure. 
~ny 
other 
response 
means 
the 
remote 
stations 
buflfer 
is 
ready 
*1 


IF 
(RCD 
AND 01H)""O 
THEN DO; 
1* 
I 
Frame 
Received 
*1 


IF 
(CHECM._NS=TRUE AND DOV=Q AND CHECM._NR=TRUE> 
THEN DO, 


RSD(STATION_NUMBER>. 
NR-=( (RSD(STATION_NUMBER 
>. NR+l > AND 07H>, 
RDP=l, 


inter 


PL/I'1-S1 
COt1PILER 


99 
4 
100 
4 


101 
3 
102 
3 
103 
2 


105 
3 


107 
3 


109 
3 


110 
3 
III 
3 


113 
4 
114 
4 
11~ 
4 
116 
3 
117 
3 


120 
2 


121 


122 


124 
4 
125 
4 
126 
4 


127 
3 
128 
3 
129 
3 
130 
3 


132 
3 


133 
3 
134 
3 


136 


ELSE 
RSO(STATION_NUI'1DER 
l. 
STATJON_STATE""GO_TO_DISC' 


END; 


ELSE IF 
(Rea 
AND 03H)-OlH 
THEN 
DO. 
/* 
SupervisoT''1 
fT'.m. 
received 
.1 


IF 
CHECK_NR-FALSE 
THEN 
RSO(STATION_NUMBER) 
STATION_STATE-QO_TO_DISC, 


/* 
Unnumbered 
f'1".m. 
or 
unkno 
••n 
'rlllme 
received 
*1 
IF 
RCB-FRI"1R 
THEN 
DOl 
/* 
If 
FRMR 
III•• 
received 
check 
NT' 
foT' 
ill" 
iIIcknowledlled 
I 
fT·.me 
*/ 


RCB-SIU_RECV_BUFFER 
(1) 
I 


IECHECK_NR. 


ENOl 


RSOCSTATION_NUMBER). 
STATION_STATE-GO_TO_DISC; 


END; 


IF 
TEl'1p.,r 
I 
FRAME 
THEN 
00;- 
/* 
Tr.n5mi 
to 
I 
fT·.me 
*/ 


1* 
TrAnsfer 
the 
st.tion 
buller 
into 
internal 
1"111. *' 


CO 
TEMP=O 
TO 
RSD(STATION 
NUMBER!. 
INFO 
LENGTH-I. 


SIU_XMIT 
_BUFFER 
(TEMP l-RBO( 
STATION_NUMBER). 
DATA <TEMP ) i 


END. 


TEHP-(SHURSD(STATION 
NUMBER>. NR. S) 
OR SHURSD(STATION_NUHBER), 
NS. 1) 
OR 
10H); 


TBL-RSD(STATION 
NUMBER). 
INFO 
LENGTH; 


CALL 
X1'1IT (TEMP) ~ 
- 
IF 
TIME_OUT""FALSE 
THEN 
CALL 
RECEIVE. 


ELSE 
DO; 
1* 
Tr.nsmi 
t 
RR 
or 
RNR*I 


IF 
TEMP"T 
RR 
THEN 
TEMP -RR; 
ELSE 
TEMP"RNR I 


137 
138 
130 
,.0 


142 
,.3 


'"'" 
,.. 
,.7,.. 


"0 


152 
153'" 
,,, 


"7 
"8". 
,.0,., 
,.2 


,.3 


I.' 
,., 
2 
I•• 
3 
,.7 
3 
,.8 
3 


170 


172 


17. 
3 


'7. 
3 


177 
3 


TEMP",,(SHLCRSO(STATION_NUMBERl 
NR.5) 
OR TEMP») 


TBLzQi 
CALL 
XI'1ITlTEMP); 
IF 
TIME_Our-FALSE 
THEN 
CALL 
RECEIVE; 


ENOl 
END XMIT_I_T_SJ 


BUFFER_TRANSFER 
PROCEDURE; 


DO 1-0 
TO NUMBER_OF_STATIONS-I. 
IF 
RSO( I). 
STATION_ADDRESS-SIU_RECV 
_BUFFER (0 I 
THEN 
GOTo 
T 1i 


THEN 
OOi 


RBP""O; 
RETURN, 
END; 
ELSE 
IF 
RSDe I) 
INFO_LENGTH-O 
THEN 
DO. 


Rsoe I) 
INFO_LENGTH-RECV_FIELD_LENGTHi 
DO """"1 
TO REeV_FIELD_LENGTH; 
RBO( I), 
DATA (J-l 
)-SIU_RECV 
_BUFFER (J); 
END; 
RBP=O; 


END; 


BEGIN: 


CALL 
POWER_ON; 


DO 
FOREVER; 


DO STATION 
NUMOER-O TO NUMBER OF STATIONS-I. 
STAD=RSOC STATION_NUMBER 
l 
STATION_ADDRESS; 
IF 
RSOCSTATJON_NUMBERI. 
STATION_STATE 
:II DISCONNECT_S 
THEN CALL 
SEND_SNRM; 
ELSE 
IF 
RSO(STATION_NUHBER) 
STATION_STATE 
- 
GO_TO_DISC 
THEN CALL 
SEND_DISC. 


ELSE 
IF 
(C RSO(STATION_NUMSER) 
INFO_LENGTH)Ol 
AND 
(RSD(STATION_NUMSER) 
DUFFER_STATus-aUFFER_READY) 
THEN CALL 
XMIT_I_T_S<T_I_FRAME), 


ELSE 
IF 
RBP"'O 
THEN CALL 
XMIT_I_T_S<T_RR); 


ELSE 
CALL 
XMIT_I_T_Sn_RNR); 


IF 
RDP-1 
THEN CALL 
BUFFER_TRANSFER; 


MODULE INFORMATION: 
CODE SIZE 
CONSTANT SIZE 
DIRECT 
VARIABLE 
SIZE 
INDIRECT 
VARIABLE 
SIZE 
SIT 
SJZE 
BIT-ADDRESSABLE 
SIZE 
AUXILIARY 
VARIABLE 
SJZE 
MAXIMUM STACK. SIZE 
REGISTER-BANK.(SI 
USED" 


456 
LINES 
READ 
o 
PROGRAM ERROR(5 I 


END OF PL/M-51 
CoMP ILATION 


(STATIC+QVERLAYABLE) 
,., 0530H 
13410 


'" 0002H 
20 
40H+02H 
640+ 
20 
40H+00H 
640+ 
00 
01H+00H 
10+ 
00 
OOH+OOH 
00+ 
00 


'" 0093H 
1470 


•• 0019H 
250 
o , 
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8044AH/8344AH/8744H 
HIGH PERFORMANCE 
8-BIT MICROCONTROLLER 
WITH ON-CHIP 
SERIAL COMMUNICATION 
CONTROLLER 


• i8044AH 
- 
Includes 
Factory 
Mask Programmable 
ROM 
• 
8344AH 
- 
For Use With External 
Program 
Memory 
• 
8744H - 
Includes 
User Programmable/Erasable 
EPROM 


8051 MICROCONTROLLER 
CORE 


• 
Optimized 
for Real Time Control 
12 MHz Clock, 
Priority 
Interrupts, 
32 Programmable 
I/O lines, 
Two 
16-bit 
Timer/Counters 


• 
Boolean 
Processor 


• 
4K x 8 ROM, 192 x 8 RAM 


SERIAL 
INTERFACE 
UNIT (SIU) 


• 
Serial 
Communication 
Processor 
that 
Operates 
Concurrently 
to CPU 


• 
2.4 Mbps Maximum 
Data Rate 


• 
375 Kbps 
using 
On-Chip 
Phase 
Locked 
Loop 


• 
Communication 
Software 
in Silicon: 
- 
Complete 
Data Link 
Functions 
- 
Automatic 
Station 
Responses 


• 
Operates 
as an SDLC Primary 
or 
Secondary 
Station 


• 
64K Accessible 
External 
Program 
Memory 


• 
64K Accessible 
External 
Data Memory 


• 
4 J1sMultiply 
and Divide 


The RUPI-44 family integrates 
a high performance 
8-bit Microcontroller, 
the Intel 8051 Core, with an 


intelligent/high 
performance 
HDLC/SDLC 
serial communication 
controller, 
called the Serial Interface 


Unit (SIU). See Figure 1. This dual architecture 
allows complex control and high speed data communica- 


tion functions 
to be realized cost effectively. 


Specifically, 
the 8044's Microcontroller 
features: 4K byte On-Chip program memory space; 32 110 lines; 


two 16-bit timer/event 
counters; 
a 5-source; 
2-level interrupt 
structure; 
a full duplex serial channel; 
a 


Boolean processor; 
and on-chip oscillator 
and clock circuitry. 
Standard 
TTL and most byte-oriented 


MCS-80 and MCS-85 peripherals 
can be used for 110 and memory expansion. 


The Serial Interface Unit (SIU) manages the interface to a high speed serial link. The SIU offloads the 
On-Chip 8051 Microcontroller 
of communication 
tasks, thereby freeing the CPU to concentrate 
on real 


time control 
tasks. 


The RUPI-44 family consists of the 8044,8744, 
and 8344. All three devices are identical except in respect 


of on-chip program memory. The 8044 contains 4K bytes of mask-programmable 
ROM. User program- 


mable EPROM replaces 
ROM in the 8744. The 8344 addresses 
all program 
memory externally. 


The RUPI-44 devices are fabricated 
with Intel's reliable +5 volt, silicon-gate 
HMOSII technology 
and 
packaged 
in a 40-pin DIP. 
. 


The 8744H is available 
in a hermetically 
sealed, 
ceramic, 
40-lead 
dual 
in-line 
package 
which 
includes 
a window 
that 
allows 
for 
EPROM 
erasure 
when 
exposed 
to ultraviolet 
light 
(See 


Erasure 
Characteristics). 
During 
normal 
operation, 
ambient 
light 
may adversely 
affect 
the 


functionality 
of the chip. Therefore, 
applications 
which 
expose 
the 8744H to ambient 
light 
may 


require 
an opaque 
label 
over the window. 


Control 
Lines 
8051 
Micro- 
controller 


HOLC/ 
SOLC 
port 


VSS 
Circuit 
ground potential. 


VCC 
+ 5V 
power 
supply 
during 
operation 
and 
program 


verification. 


PORT 0 
Port 0 is an 8·bit open drain bidirectional 
I/O port. It is 
also 
the multiplexed 
low·order 
address 
and data 
bus 
when using external 
memory. It is used for data output 
during program verification. 
Port 0 can sinkJsource eight 
LS TTL loads. 


PORT 1 
Port 1 is an 8·bit quasi-bidirectional 
I/O port. It is used for 


the low-order 
address 
by1e during 
program 
verification. 
Port 1 can sinkJsource four LS TTL loads. 


In non-loop 
mode two of the I/O lines serve alternate 
functions: 
-RTS 
(P1.6). Request-to·Send 
output. 
A low indicates 


that the RUPI-44 is ready to transmit. 
-ill (P1.?) Clear-to·Send input. A low indicates 
that a 
receiving station 
is ready to receive. 


PORT 2 
Port 2 is an 8-bit quasi-bidirection 
I/O port. It also emits 


the 
high-order 
address 
by1e when 
accessing 
external 
memory. 
It is used for the high-order 
address 
and the 
control 
signals 
during 
program 
verification. 
Port 2 can 
sink/source four LS TTL loads. 


PORT 3 
Port 
3 
is an 
8-bit 
quasi-bidirectional 
I/O port. 
It also 
contains 
the 
interrupt, 
timer, 
serial 
port 
and 
RD and 
WR pins that are used by various 
options. 
The output 
latch corresponding 
to a secondary function must be pro- 


grammed to a one (1) for that function to operate. Port 3 
can sink/source four LS TTL loads. 


In addition 
to I/O, some of the pins also serve alternate 


functions 
as follows: 


-I/O 
RxD (P3.0). In point·te-point 
or multipoint 
configura· 
tions, this pin controls the direction 
of pin P3.1. Serves 
as Receive Data input in loop and diagnostic 
modes. 
-DATA 
TxD (P3.1) In point-te-point 
or multipoint 
con· 


figurations, 
this pin functions 
as data input/output. 
In 
loop mode, it serves as transmit 
pin. A '0' written 
to 
this pin enables diagnostic mode. 


-INTO.{P3.2). 
Interrupt 0 input or gate control 
input for 
counter O. 


-INT1 
(P3.3). Interrupt 
1 input or gate control 
input for 
counter 
1. 


- TO{P3.4). Inpui to counter O. 


-SCLK 
T1 (P3.5). In addition 
to I/O, this pin provides in- 


Q.l!!. to counter 1 or serves as SCLK (serial clock) input. 


-WR 
(P3.6). The write control 
signal 
latches 
the data 


Qt!e from Port 0 into the External Data Memory. 


-RD 
(P3.7). The read control 
signal 
enables 
External 


Data Memory to Port O. 


RST 
A high on this pin for two machine cycles while the oscillator 
is running 
resets the device. A small external 
pulldown 


resistor (=8.2KO) from RST to Vss permits power-on reset 
when a capacitor 
(=10J,lf) 
is also connected from this pin 


toVee· 


ALEIPROG 
Provides Address Latch Enable output used for latching 
the address into external 
memory during normal opera- 


tion. It is activitated 
every six oscillator 
periods except 


during an external data memory access. It also receives 
the program 
pulse input 
for programming 
the EPROM 


version. 


PSEN 
The Program 
Store 
Enable output 
is a control 
signal 


that enables 
the external 
Program 
Memory to the bus 


during 
external 
fetch 
operations. 
It is activated 
every 


six 
oscillator 
periods, 
except 
during 
external 
data 


memory 
accesses. 
Remains 
high during 
i.Hernal 
pre- 


gram execution. 


EAlVPP 
When held at a TTL high level, the RUPI-44 executes 
in- 


structions 
from the internal 
ROM when the PC is less 


than 4096. When held at a TTL low level, the RUPI-44 fet· 
ches all 
instructions 
from 
external 
Program 
Memory. 


The pin also receives the 21V EPROM programming 
sup- 


ply voltage 
on the 8744. 


XTAL 1 
Input 
to the oscillator's 
high gain amplifier. 
Required 


when a crystal 
is used. Connect 
to VSS when external 


source 
is used on XTAL 2. 


XTAL 2 
Output from the oscillator's 
amplifier. 
Input to the inter- 


nal timing 
circuitry. 
A crystal 
or external 
source can be 


used. 


"' 
vcc 
f}i 


Pl.0.,, 
PO.O 
ADO 


PO., 
AD' 
~:: 
~ 
PO.2 
AD2 


Go 
« 
PO.3 
AD3 
-"' "' 
-"' 
PO.' 
AD. 
'"i[..: 


.T5 
PO.S 
ADS 


ffi 
Pl,7 
PO.I 
ADe 


.5T 
PO.7 
AD' 


110 
.xD 
Ei 
'YPP 


DATA 
aD 
ALE ~ 


INTO 
~ 


"' 


...- 
CTS 
INT, 
.33 
.27 
A'S 


T' 
...-~ 
:}~' 


TO 
P3.4 
P2.' 
AI' 
tJ 
OATA 
TXO,.- 
Sell( 
T1 
PJ.S 
P2.5 
A13 


Z 
INTO .•••.•. 
t"J 
W. 
.3 
• 
P2.4 
A12 
::>... 
INT1~ 
~ 
"'-"' 
iiO 
P3.7 
P2.3 
All 
.. 
~ ~ 
~ 
'" 
TO~ 
0 
« 
selK...!2 .....•. 
A. 
HAl2 
'2.2 
A'O 
0 
_ 
0 
0 
z 
w.__ 


-« 
HAL' 
.21 
A9 
0:.: 
RJj~ 
v55 
'2.0 
AI 


"' 


Figure 2. 
Figure 3. Pin 
Logic Symbol 
Configuration 


r-- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
L 


OSCIL 


LATOR 
& 
TIMING 


INTERRUPTS 
1---- 


TWO 
16·BIT 
TIMER 
EVENT 
COUNTERS 


110 
HDLC/SDLC 
SERIAL 
COMMUNICATIONS 


PARALLEL 
PORTS 
ADDRESS 
DATA 
BUS 
AND 
110 PINS 


Figure 4. 
Block Diagram 


Functional 
Description 
General 


The 8044 integrates the powerful 8051 microcontroller 
with an intelligent 
Serial Communication 
Controller 
to provide a single-chip 
solution which will efficiently 
implement 
a distributed 
processing 
or distributed 
control system. The microcontroller 
is a self-sufficient 
unit 
containing 
ROM, 
RAM, 
ALU, 
and 
its 
own 
peripherals. 
The 8044's architecture 
and instruction 
set are identical to the 8051 'soThe 8044 replaces the 
8051 's serial interface with an intelligent SDLC/HDLC 
Serial 
Interface 
Unit (SIU). 64 more bytes of RAM 
have been added to the 8051 RAM array. The SIU 
can communicate 
at bit rates up to 2.4 M bps. The 
SIU works concurrently 
with the Microcontroller 
so 
that there is no throughput 
loss in either unit. Since 
the SIU possesses 
its own intelligence, 
the CPU is 
off-loaded 
from many of the communications 
tasks, 


thus dedicating 
more of its computing 
power to con- 
trolling 
local peripherals 
or some external 
process. 


The Microcontroller 


The 
microcontroller 
is 
a 
stand-alone 
high- 


performance 
single-chip 
computer 
.intended 
for 
use in sophisHcated 
real-time 
application 
such as 
instrumentation, 
industrial 
control, 
and intelligent 
computer 
peripherals. 


The major features 
of the microcontroller 
are: 


• 
8-bit CPU 
• 
on-chip 
oscillator 


• 
4K bytes of ROM 


• 
192 bytes of RAM 


• 
321/0 lines 
• 
64K address space for external 
Data Memory 


• 
64K 
address 
space 
for 
external 
Program 
Memory 


• 
two fully programmable 
16-bit timer/counters 


• 
a five-source 
interrupt 
structure 
with two priori- 
ty levels 


• 
bit addressability 
for Boolean 
processing 


• 
1 I'sec instruction 
cycle time for 60% of the in- 
structions 
2 I'sec 
instruction 
cycle 
time 
for 
40% of the instructions 


• 
4 I'sec 
cycle 
time 
for 
8 by 8 bit 
unsigned 
MultiplyJDivide 


Internal 
Data Memory 
Functionally 
the Internal 
Data Memory is the most 
flexible 
of the address 
spaces. 
The Internal 
Data 
Memory space is subdivided 
into a 256-byte Internal 
Data RAM address 
space and a 128-byte Special 
Function Register address space as shown in Figure 
5. 


The Internal 
Data RAM address 
space is 0 to 255. 


Four 8-Register Banks occupy locations 0 through 31. 
The stack can be located anywhere 
in the Internal 
Data RAM address space. In addition, 
128 bit loca- 


tions 
of the on-chip 
RAM are accessible 
through 
Direct Addressing. 
These bits reside in Internal Data 
RAM at byte locations 32 through 47. Currently 
loca- 


tions 0 through 191 of the Internal Data RAM address 
space are filled with on-chip 
RAM. 


SPECIAL 
FUNCTION 
REGISTERS 
,---'------.. 


255 
255 
248 
F8H 
FOH 
E8H 


EOH 
D8H 
DOH 
C8H 


COH 
B8H 


BOH 
A8H 
AOH 
98H 
90H 
88H 
128 
SOH 
{o 
,.-----"----, 
191 


INDIRECT 
ADDRESS- 
ING 


128 
135 


127 


ADDRESS· 
!! 
ABLE 
BITS IN 
SFRs 
g 
(128 
BITS) 
~ 


REGISTERS 
!!. 


.!. 


.J< 


127 
120 


7 
0 


:~ 
BANK 
3 


R7 
RD 
BANK 2 


R7 
RO 
BANK 
1 
=~BANK 0 


ADDRESS- 
ABLE 
BITS IN 
SFRs 
(128 
BITS) 


Figure 
5. Internal 
Data Memory 
Address 
Space 


The 8044 has 32 general-purpose 
I/O lines which 
are arranged 
into four groups 
of eight lines. Each 
group is called 
a port. Hence there are four ports; 


Port 0, Port 1, Port 2, and Port 3. Up to five lines 
from 1 and Port 2 are dedicated 
to supporting 
the 
serial 
channel 
when the SIU is invoked. 
Due to 
the nature 
of the serial 
port, two of Port 3's 110 
lines (P3.0 and P3.1) do not have latched 
outputs. 


This is true whether 
or not the serial 
channel 
is 
used. 


Port 0 and Port 2 also have an alternate 
dedicated 
function. 
When 
placed 
in 
the 
external 
access 
mode, 
Port 0 and 
Port 2 become 
the 
means 
by 


Table 1. MCS\!l-51 Instrucllon 
Set Descrlpllon 


ARITHMETIC 
OPERATIONS 
LOGICAL OPERATIONS (CONTINUED) 


Mnemonic 
Description 
Byle Cyc 
Mnemonic 
Desllnatlon 
Byte Cyc 


ADD 
A.Rn 
Add register to 
ORL 
A.@RI 
OR Indlrect RAM to 
Accumulator 
Accumulator 
ADD 
A.dlrect 
Add direct byte to 
ORL 
A.Ndata 
OR Immediate data to 


Accumulator 
2 
Accumulator 
2 
ADD 
A.@RI 
Add indirect RAM to 
ORL 
dlrect.A 
OR Accumulator 
to 


Accumulator 
direct byte 
2 


ADD 
A.Ndata 
Add Immediate data to 
ORL 
dlrect._data 
OR Immediate data to 


Accumulator 
2 
direct byte 
3 
2 


AD DC 
A.Rn 
Add register to 
XRL 
A.Rn 
ExClUSive-OR register to 


Accumulator 
With Carry 
Accumulator 
ADDC 
A.dlrect 
Add direct byte to A 
XRL 
A.dlrect 
ExclUSive-OR dlrect 
With Carry flag 
2 
byte to Accumulator 
2 


ADDC 
A.@RI 
Add Indirect RAM to A 
XRL 
A.@lRI 
Exclusive-OR 
Indirect 
With Carry flag 
1 
RAM toA 
ADDC 
A._data 
Add Immediate data to 
I 
XRL 
A._data 
EXClUSive-OR 
A With Carry flag 
2 
1 
Immediate data to A 
2 


SUBB 
A.Rn 
Subtract register from A 
XRL 
dlrect.A 
ExClUSive-OR Accu.mu- 


With Borrow 
lator to direct byte 
2 
SUBB 
A.dlrect 
Subtract direct byte 
XRL 
dlrect.-data 
ExclUSive-OR Im- 


from 
A With 
Borrow 
2 
media Ie data to direct 
3 
2 
SUBB 
A.@RI 
Subtract indirect RAM 
CLR 
A 
Clear Accumulator 
1 
1 
from A With Borrow 
CPL 
A 
Complement 
SUBB 
A.-data 
Subtract Immed data 
Accumulator 
from A With Borrow 
2 
1 
RL 
A 
Rotate Accumulator 
Left 
INC 
A 
Increment 
Accumulator 
1 
1 
RLC 
A 
Rotate A Left through 


INC 
Rn 
Increment 
regIster 
1 
1 
the Carry flag 


INC 
direct 
Increment direct byte 
2 
1 
RR 
A 
Rotale Accumulator 
INC 
@lRI 
Increment 
Indirect 
RAM 
1 
1 
Right 
INC 
DPTR 
Increment 
Data 
POinter 
1 
2 
RRC 
A 
Rotate A Right through 


DEC 
A 
Decrement 
Accumulator 
1 
1 
Carry flag 


DEC 
Rn 
Decrement register 
1 
1 
SWAP 
A 
Swap nibbles Within the 


DEC 
dtrect 
Decrement direct byte 
2 
1 
Accumulator 
DEC 
@lRI 
Decrement Indirect 
RAM 
DATA TRANSFER 


MUL 
AB 
Multiply A & B 
Mnemonic 
Descrlpllon 
Byte Cyc 
DIV 
AB 
D,Vide A by B 
MOV 
A.Rn 
Move register 
to 
DA 
A 
Decimal Ad/ust 
Accumulator 
Accumulator 
MOV 
A.direct 
Move direct byte to 


LOGICAL OPERATIONS 
Ar:cumulator 
2 


MOV 
A.V1)RI 
Move Indlrect RAM to 


Mnemonic 
De.tlnallon 
Byle Cyc 
Accumulator 
ANL 
A.Rn 
AND register to 
MOV 
A.-data 
Mov Immediate 
data to 


Accumulator 
Accumulator 
2 


ANL 
A.dlrect 
AND direct byte to 
MOV 
RnA 
Move Accumulator 
to 


Accumulator 
2 
register 
ANL 
A.@lRI 
AND Indorect RAM to 
MOV 
Rn.dlrect 
Move direct byte to 


Accumulator 
register 
2 
2 
ANL 
A._data 
AND Immediate data to 
MOV 
Rn._data 
Move Immediate data to 


Accumulator 
2 
register 
2 


ANL 
dlrect.A 
AND Accumulator 
to 
MOV 
direct A 
Move Accumulator 
to 


direct byte 
2 
direct byte 
2 


ANL 
dlrect._data 
AND Immediate data to 
MOV 
direct.Rn 
Move register to direct 
direct byte 
3 
2 
byte 
2 
2 
ORL 
A.Rn 
OR register to 
MOV 
direct. direct 
Move direct byte to 


Accumulator 
direct 
3 
2 


ORL 
A.dlrect 
OR direct byte to 
MOV 
dorect.@RI 
Move Indirect RAM to 


Accumulator 
2 
direct byte 
2 
2 


Table 1. (Cont.) 


DATA TRANSFER (CONTINUED) 
PROGRAM AND MACHINE CONTROL 


Mnemonic 
Description 
Byte Cyc 
Mnemonic 
Description 
Byte eyc 
MOV 
direct,#data 
Move immediate data to 
ACALL 
addr11 
Absolute Subroutine 
direct byte 
3 
2 
Call 
2 
2 
MOV 
@Ri,A 
Move Accumulator to 
LCALL 
addr16 
Long Subroutine 
Coli 
3 
2 
indirect RAM 
RET 
Return from subroutine 
1 
2 


MOV 
@Ri.direct 
Move direct byte to 
RETI 
Return from interrupt 
1 
2 
indirect RAM 
2 
2 
AJMP 
addr11 
Absolute Jump 
2 
2 
MOV 
@Ri,#data 
Move Immediate data to 
LJMP 
addr16 
Long Jump 
3 
2 
Indirect RAM 
2 
SJMP 
rei 
Short Jump (relative 
MOV 
DPTR,#data16 Load Data Pointer with 
addr) 
2 
2 


a 16-bIt constant 
3 
2 
JMP 
@A+DPTR 
Jump indirect relative to 
MOVC 
A,@A+DPTR 
Move Code byte relative 
the DPTR 
2 


to DPTR to A 
2 
JZ 
rei 
Jump if Accumulator 
is 
MOVC 
A,@A+PC 
Move Code byte relative 
Zero 
2 
2 


to PCtoA 
2 
JNZ 
rei 
Jump if Accumulator 
is 
MOVX 
A,@Ri 
Move External RAM (8- 
Not Zero 
2 
2 


bit addr) to A 
2 
JC 
rei 
Jump if Carry flag IS set 
2 
2 


MOVX 
A,@DPTR 
Move External RAM (16- 
JNC 
rei 
Jump if No Carry flag 
2 
2 
bit addr) to A 
2 
JB 
bit,rel 
Jump if direct Bit set 
3 
2 


MOVX 
@RI,A 
Move A to External RAM 
JNB 
bil,rel 
Jump if direct Bit Not 
(8-bit addr) 
2 
set 
3 
2 
MOVX 
@DPTR,A 
Move A to External RAM 
JBC 
bit,rel 
Jump if direct Bit is set 


(16-bIt addr) 
2 
& Clear bit 
3 
2 


PUSH 
direct 
Push direct byte onto 
CJNE 
A,direct,rel 
Compare direct to A & 
stack 
2 
2 
Jump if Not Equal 
3 
2 
POP 
direct 
Pop direct byte from 
CJNE 
A,#data,rel 
Comp, immed, to A & 
stack 
2 
2 
Jump if Not Equal 
3 
2 
XCH 
A,Rn 
Exchange register with 
CJNE 
Rn,#data,rel 
Comp, immed, to reg & 
Accumulator 
Jump if Not Equal 
3 
2 
XCH 
A,direct 
Exchange direct byte 
CJNE 
@Ri,#data,rel 
Comp, immed, to ind, & 
with Accumulator 
2 
Jump if Not Equal 
3 
2 
XCH 
A,@RI 
Exchange indirect RAM 
DJNZ 
Rn,rel 
Decrement register & 
with A 
Jump if Not Zero 
2 
2 
XCHD 
A,@Ri 
Exchange low-order 
DJNZ 
direct, rei 
Decrement direct & 
Digit ind RAM w A 
Jump if Not Zero 
3 
2 
NOP 
No operation 
1 
1 


BOOLEAN VARIABLE MANIPULATION 
Notes on data addressing modes: 


Mnemonic 
Description 
Byte Cyc 
Rn 
-Working 
register RD-R7 


CLR 
C 
Clear Carry flag 
1 
1 
direct 
-128 
Internal RAM locations, any I/O port, 


CLR 
bit 
Clear direct bit 
2 
1 
control or status register 


SETB 
C 
Set Carry flag 
1 
1 
@RI 
-I 
ndlrect Internal RAM location addressed by 
register RDor R1 
SETB 
bit 
Set direct Bit 
2 
1 
#data 
-8-bit 
constant included in instruction 
CPL 
C 
Complement Carry flag 
1 
1 
#data16 -16-bit 
constant included as bytes 2 & 3 of 
CPL 
bit 
Complement direct bit 
2 
1 
instruction 
ANL 
C,bit 
AND direct bit to Carry 
bit 
-128 
software flags, any I/O pin, control or 


flag 
2 
2 
status bit 


ANL 
C.Jbit 
AND complement of 
Notes on program addressing modes: 


direct bit to Carry 
2 
2 
addr16 
-Destination 
address for LCALL & LJMP may 


ORL 
C/bit 
OR direct bit to Carry 
be anywhere within the 64-K program 
memory address space 
flag 
2 
2 
Addr11 
-Destination 
address for ACALL & AJMP will be 
ORL 
C.Jbit 
OR complement of 
within the same 2-K page of program 
direct bit to Carry 
2 
2 
memory as the first byte of the following 
MOV 
C.Jblt 
Move direct bit to Carry 
instruction 
flag 
2 
rei 
-SJMP 
and all conditional 
jumps include an 8- 
MOV 
bit,C 
Move Carry flag to 
bit offset byte, Range is +127-128 bytes relative 


direct bit 
2 
2 
to 
first 
byte 
of 
the 
following 
instruction 
All mnemonics copyrighted' 
Intel Corporation 
1979 


which the 8044 communicates 
with external pro- 


gram 
memory. 
Port 0 and Port 2 are also the 
means by which the 8044 communicates 
with ex- 


ternal data memory. Peripherals can be memory 
mapped into the address space and controlled by 
the 8044. 


Timer/Counters 


The 8044 contains two 16-bit counters which can 
be used for measuring time intervals, measuring 
pulse widths, counting events, generating precise 
periodic interrupt requests, and clocking the serial 
communications. 
Internally the Timers are clocked 
at 1/12 of the crystal frequency, which is the instruc- 
tion cycle time. Externally the counters can run up 
to 500 KHz. 


Interrupt System 


External events and the real-time driven on-chip 
peripherals 
require 
service 
by the 
CPU asyn- 
chronous 
to the execution 
of any particular 
sec- 
tion of code. To tie the asynchronous 
activities 
of 
these functions 
to normal program execution, 
a 
sophisticated 
multiple-source, 
two priority 
level, 


nested 
interrupt 
system 
is 
provided. 
Interrupt 
response 
latency 
ranges from 3 !'sec to 7 !'sec 
when using a 12 MHz clock. 


All five interrupt sources can be mapped into one 
of the two priority 
levels. Each interrupt 
source 
can be enabled or disabled individually 
or the en- 


tire interrupt 
system can be enabled or disabled. 


The five interrupt 
sources 
are: Serial 
Interface 
Unit, Timer 1, Timer 2, and two external interrupts. 
The external interrupts can be either level or edge 
triggered. 


Serial Interface 
Unit (SIU) 


The Serial Interface Unit is used for HOLC/SOLC 
communications. 
It 
handles 
Zero 
Bit 
Inser· 


tionlDeletion, 
Flags, automatic 
address recogni· 


tion, and a 16-bit cyclic redundancy check. In ad- 
dition 
it implements 
in hardware a subset of the 
SOLC protocol 
such that 
it responds 
to many 
SDLC frames without CPU intervention. In certain 
applications 
it is advantageous 
to have the CPU 
control 
the 
reception 
or 
transmission 
of 
every 
single frame. For this reason the SIU has two modes 
of operation: "AUTO" 
and "FLEXIBLE" 
(or "NON- 
AUTO"). 
It is in the AUTO 
mode that the SIU 
responds to SDLC frames without CPU intervention' 
whereas, in the FLEXIBLE mode the reception 0; 
transmission of every single frame will be under CPU 
control. 


There are three control registers and eight parameter 
registers that are used to operate the serial inter- 
face. These registers are shown in Figure 5 and 
Figure 6. The control registers set the modes of 


operation and provide status information. The eight 
parameter registers buffer the station address, receive 
and transmit control by1es, and point to the on-chip 
transmit and receive buffers. 


Oata to be received or transmitted 
by the SIU must 


be buffered anywhere within the 192 bytes of on- 
chip RAM. Transmit and receive buffers are not 
allowed to "wrap around" in RAM; a "buffer end" 
is generated after address 191 is reached. 


With the addition of only a few bytes of code, the 
8044's frame size is not limited to the size of its 
internal RAM (192 bytes), but rather by the size of 
external buffer with no degradation 
of the RUPl's 
features 
(e.g. NRZI, 
zero 
bit 
insertion/deletion, 


address 
recognition, 
cyclic 
redundancy 
check). 
There is a special function 
register called SIUST 
whose contents dictates the operation of the SIU. At 
low data rates, one section of the SIU (the Byte 
Processor) 
performs 
no function 
during 
known 
intervals. 
For a given 
data rate, these 
intervals 
(stand-by mode) are fixed. The above characteristics 
make it possible to program the CPU to move data 
to/from 
external 
RAM and to force 
the SIU to 


perform some desired hardware tasks while trans- 
mission or reception 
is taking 
place. With these 
modifications, 
external RAM can be utilized as a 


transmit and receive buffer instead of the internal 
RAM. 


AUTO Mode 


In the AUTO mode the SIU implements 
in hard· 
ware a subset of the SOLC protocol 
such that it 


responds to many SOLC frames without 
CPU in- 


tervention. 
All 
AUTO 
mode 
responses 
to 
the 
primary station will conform to IBM's SOLC defini· 
tion. The advantages of the AUTO mode are that 
less software is required to implement a secondary 
station, and the hardware generated response to polls 
is much faster than doing it in software. However, the 
Auto mode can not be used at a primary station. 


To transmit in the AUTO mode the CPU must load 
the Transmit 
Information 
Buffer, Transmit 
Buffer 
Start 
register, 
Transmit 
Buffer 
Length 
register, 


and 
set the 
Transmit 
Buffer 
Full 
bit. 
The 
SIU 
automatically 
responds to a poll by transmitting 
an information frame with the P/F bit in the con- 
trol field set. When the SIU receives a positive 
acknowledgement 
from 
the 
primary 
station, 
it 
automatically increments the Ns field in the NSNR 
register and interrupts the CPU. A negative acknow- 
ledgement would cause the SIU to retransmit the 
frame. 


To receive in the AUTO mode, the CPU loads the 
Receive Buffer Start register, the Receive Buffer 
Length register, clears the Receive Buffer Protect 
bit, and sets the Receive Buffer Empty bit. If the 


B REGISTER 
ACCUMULATOR 
"THREE 
BYTE 
FIFO 


TRANSMIT 
BUFFER 
START 
TRANSMIT 
BUFFER 
LENGTH 
TRANSMIT 
CONTROL 
BYTE 
• SIU 
STATE 
COUNTER 
SENO 
COUNT 
RECEIVE 
COUNT 
PROGRAM 
STATUS 
WORD 
°DMA 
COUNT 
STATION 
ADDRESS 
RECEIVE 
FIELD 
LENGTH 
RECEIVE 
BUFFER 
START 
REOEIVE 
BUFFER 
LENGTH 
RECEIVE 
CONTROL 
BYTE 
SERIAL 
MODE 
STATUS 
REGISTER 
INTERRUPT 
PRIORITY 
CONTROL 


PORT 
3 
INTERRUPT 
ENABLE 
CONTROL 
PORT 
2 
PORT 
1 
TIMER 
HIGH 
1 
TIMER 
HIGH 
0 
TIMER 
LOW 
1 
TIMER 
LOW 
0 
TIMER 
MODE 
TIMER 
CONTROL 
DATA 
POINTER 
HIGH 
DATA 
POINTER 
LOW 
STACK 
POINTER 
PORT 
0 


~ 


B 
ACC 
FIFO 
FIFO 
FIFO 


TBS 
TBL 
TCB 
SIUST 
NSNR 
PSW 
DMA 
CNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 
P3 
IE 
P2 
Pl 
TH1 
THO 
TL1 
TLO 
TMOD 
TCON 
DPH 
DPL 
SP 
PO 


247 
through 
240 


231 
Ihrouoh 
224 


223 
throuah 
216 
215 
throuah 
208 


207 
throu 
h 
200 
191 
Ihrou 
184 
183 
throu 
176 
175 
throu 
168 
167 
throu 
h 
160 
151 
throu 
1« 


143 
I 
rouah 
136 


135 
throuoh 
128 


BYTE 


ADDRESS 
~ 


240 
(FOH) 


224 
(EOH) 
223 
(DFH) 
222 
(DEH) 
221 
(DOH) 
220 
(DCH) 
219 
(DBH) 
218 
(DAH) 
217 
(09H) 
216 
(D8H) 
208 
(DOH) 
207 
(CFH) 
206 
(CEH) 
205 
(CDH) 
204 
(CCH) 
203 
(CBH) 
202 
(CAH) 
201 
(C9H) 
200 
(C8H) 
184 
(B8H) 
176 
(BOH) 
168 
(A8H) 
160 
(AOH) 
144 
(90H) 
141 
(8DH) 
140 
(8CH) 
139 
(8BH) 
138 
(8AH) 
137 
(89H) 
136 
(88H) 
131 
(83H) 
130 
(82H) 
129 
(81H) 
128 
(80H) 


NO 
FRAME 
CHECK 
SEQUENCE 


NON·BUFFERED 


PRE·FRAME 
~YNC 


LOOP 
NON 
RETURN 
TO ZERO 
INVERTED 


SELECT 
CLOCK 
MODE 


RECEIVE 
BUFFER 
PROTECT 


AUTO 
MODE/ADDRESSED 
MODE 


OPTIONAL 
POLL 
BIT 


RECEIVE 
INFORMATION 
BUFFER 
OVERRUN 
SERIAL 
INTERFACE 
UNIT 
INTERRUPT 
REQUEST 
TO SEND 


RECEIVE 
BUFFER 
EMPTY 


TRANSMIT 
BUFFER 
FULL 


SEQUENCE 
ERROR 
RECEIVED 
RECEIVE 
SEQUENCE 
COUNTER 


SEQUENCE 
ERROR 
SEND 


SEND 
SEQUENCE 
COUNTER 


SIU 
is polled 
in this 
state, 
and 
the 
TBF 
bit 
in- 
dicates 
that 
the 
Transmit 
Buffer 
is 
empty, 
an 
automatic 
RR response will be generated. 
When a 
valid 
information 
frame 
is received 
the 
SIU 
will 
automatically 
increment 
Nr in the NSNR 
register 
and interrupt 
!he CPU. 


While 
in the AUTO mode the SIU can recognize 
and respond 
to the following 
commands 
without 
CPU 
intervention: 
I (Information), 
RR (Receive 
Ready), RNR (Receive 
Not 
Ready), REJ (Reject), 


and UP (Unnumbered 
Poll). The SIU can generate 
the 
following 
responses 
without 
CPU interven- 
tion: I (Information), 
RR (Receive Ready), and RNR 
(Receive Not Ready). 


When 
the 
Receive 
Buffer 
Empty 
bit 
(RBE) 
in· 
dicates 
that 
the 
Receive 
Buffer 
is empty, 
the 
receiver 
is enabled, 
and 
when 
the 
RBE bit 
in· 
dicates 
that the Receive Buffer is fUll, the receiver 
is disabled. 
Assuming 
that the 
Receive 
Buffer 
is 
empty, 
the 
SIU 
will 
respond 
to a poll 
with 
an 
I 
frame 
if the Transmit 
Buffer is full. If the Transmit 
Buffer 
is empty, 
the 
SIU 
will 
respond 
to a poll 
with a RR command 
if the Receive 
Buffer Protect 
bit (RBP) is cleared, or an RNR command 
if RBP is 
set. 


FLEXIBLE (or NON-AUTO) 
Mode 


In the FLEXIBLE mode all communications 
are under 
control 
of the CPU. It is the CPU's task to encode 
and 
decode 
control 
fields, 
manage 
acknowledgements, 
and adhere to the requirements 
of the HOLC/SOLC protocols. The 8044 can be used 
as a primary 
or a secondary 
station in this mode. 


To receive a frame in the FLEXIBLE mode, the CPU 
must 
load 
the 
Receive 
Buffer 
Start 
register, 
the 
Receive Buffer Length register, clear the Receive Buf· 
fer Protect bit, and set the Receive Buffer Empty bit. 
If a valid opening 
flag is received 
and the address 
field matches the byte in the Station Address register 
or the address field contains a broadcast address, the 
8044 loads the control field in the receive control byte 
register, 
and loads the I field in the receive buffer. 
If there is no CRC error, the SIU interrupts the CPU, 
indicating 
a frame has just been received. If there is 
a CRC error, no interrupt occurs. The Receive Field 
Length 
register 
provides 
the number 
of bytes that 
were received 
in the information 
field. 


To transmit a frame, the CPU must load the transmit 
information 
buffer, the Transmit Buffer Start register, 


the Transmit 
Buffer 
Length 
register, 
the Transmit 
Control Byte, and set the TBF and the RFS bit. The 
SIU, 
unsolicited 
by 
an 
HOLC/SOLC 
frame, 
will 
transmit 
the entire information 
frame, and interrupt 
the CPU, indicating 
the completion 
of transmission. 


For supervisory 
frames or unnumbered 
frames, the 


The FCS register 
is initially 
set to all 1's prior to 
calculating 
the FCS field. The SIU will not interrupt 
the CPU if a CRC error occurs (in both AUTO and 
FLEXIBLE 
modes). The CRC error is cleared 
upon 
receiving 
of an opening 
flag. 


Frame Format Options 


In addition 
to the 
standard 
SOLC 
frame 
format, 


the 
8044 
will 
support 
the 
frames 
displayed 
in 
Figure 
7. The standard 
SOLC frame 
is shown 
at 
the top 
of this 
figure. 
For the 
remaining 
frames 
the 
information 
field 
will 
incorporate 
the 
control 
or address 
by1es and the frame check sequences; 


therefore 
these 
fields 
will 
be 
stored 
in 
the 
Transmit 
and Receive buffers. 
For example, 
in the 
non-buffered 
mode the' third byte is treated 
as the 
beginning 
of 
the 
information 
field. 
In 
the 
non- 


addressed 
mode, the information 
field begins after 
the opening 
flag. The mode bits to set the frame 
format 
options 
are 
found 
in 
the 
Serial 
Mode 
register and the Status register. 


To realize an extended 
control field or an extended 
address field using the HOLC protocol, 
the FLEXI- 
BLE mode must be used. For an extended 
control 
field, the SIU is programmed to be in the non-buffered 
mode. The extended control field will be the first and 
second bytes in the Receive and Transmit 
Buffers. 


For extended addressing the SIU is placed in the non- 
addressed 
mode. In this mode the CPU must Imple- 
ment the address rp.cognition for received frames. The 
addressing field will be the initial by1es in the Transmit 
and Receive buffers followed 
by the control 
field. 


The SIU can transmit and receive only frames which 
are multiples of 8 bits. For frames received with other 
than 8-bit multiples, 
a CRC error will cause the SIU 
to reject the frame. 


SOLe Loop Networks 


The 
SIU 
can 
be used 
in an 
SDLC 
loop 
as a 
secondary 
or primary 
station. 
When 
the 
SIU 
is 
placed in the Loop mode it receives the data on pin 
10 and transmits 
the data one bit time delayed 
on 
pin 11. It can also recognize 
the Go ahead signal 
and change it into a flag when it is ready to transmit. 
As a secondary 
station the SIU can be used in the 
AUTO or FLEXIBLE 
modes. 
As a primary 
station 
the FLEXIBLE 
mode 
is used; however, 
additional 
hardware 
is required 
for generating 
the Go Ahead 
bit pattern. 
In the Loop mode the maximum 
data 
rate is 1 Mbps clocked 
or 375 Kpbs self-clocked. 


FRAME FORMAT 


I F I A I cl 
IFCsl 
FI 


I F 
I A I cl 
IFCsl 
FI 


I F I A I 
IFCsl 
F I 


I F 
I Fcsl 
F I 


I F I A I ci 
F I 


F I A I 
cl 
F I 


I F I A I 
F I 


F 
I 
F I 


No FCS FI.ld 
Non·Buffered 
Mode 
NON·AUTO Mod. 


No FCS FI.ld 
Non-Addressed 
Modi 
NON·AUTOMod. 


Mod. Bits: 
AM 
- 
"AUTO" Mode/Addr•••• d Mod. 
N8 
- 
Non·Buff.,..d 
Mod, 
NFCS - 
No FCS FI.ld Mod. 


Key 
to Abbreviations: 


F = FI.g (01111110) 
A = Addr ••• 
Field 
C = Control Field 


SDLC MUltidrop Networks 


The SIU can be used in a SDLC non-loop configura- 
tion as a secondary or primary station. When the SIU 
is placed in the non-loop mode, data is received and 
transmitted 
on pin 11, and pin 10 drives a tri-state 
buffer. In non-loop mode, modem interface pins, RTS 
and CTS, become available. 


Data Clocking Options 


The 8044's serial port can operate in an externally 
clocked or self clocked system. A clocked system pro- 
vides to the 8044 a clock synchronization 
to the data. 
A self-clocked system uses the 8044's on-chip Digital 
Phase Locked Loop (DPLL) to recover the clock from 
the data, and clock this data into the Serial Receive 
Shift Register. 


In this mode, a clock synchronized 
with the data is 
externally 
fed 
into the 8044. 
This 
clock 
may 
be 
generated 
from an External Phase Locked Loop, or 
possibly supplied along with the data. The 8044 can 
transmit and receive data in this mode at rates up to 
2.4 Mbps. 


a common 
system 
data clock. 
An on-chip 
Digital 
Phase Locked Loop is employed to recover the data 
clock which is encoded in the data stream. The DPLL 
will converge 
to the nominal 
bit center within eight 
bit transitions, 
worst 
case. 
The 
DPLL 
requires 
a 
reference 
clock of either 16 times (16x) or 32 times 
(32x) the data rate. This reference clock may be ex- 
ternally applied or internally generated. 
When inter- 


nally generated either the 8044's internal logic clock 
(crystal 
frequency 
divided 
by two) or the timer 
1 
overflow is used as the reference clock. Using the in- 
ternal timer 1 clock the data reates can vary from 244 
to 62.5 Kbps. Using the internal logic clock at a 16x 
sampling rate, receive data can either be 187.5 Kbps, 
or 375 Kbps. When the reference clock for the DPLL 
is externally 
applied the data rates can vary from 0 
to 375 Kbps at a 16x sampling 
rate. 


To aid in a Phase Locked Loop capture, the SIU has 
a NRZI (Non Return to Zero Inverted) data encoding 
and decoding option. Additionally 
the SIU has a pre- 


frame sync option that transmits 
two bytes of alter- 
nating 1's and O's to ensure that the receive station 
DPLL will be synchronized 
with the data by the time 
it receives the opening 
flag. 


Control and Status Registers 


There are three SIU Control and Status 
Registers: 


Serial Mode Register 
(SMD) 


Status/Command 
Register 
(STS) 


Send/Receive 
Count Register 
(NSNR) 


The SMD, STS, and NSNR 
registers are all cleared by 


system reset. This assures that the SIU will power up in 
an idle state (neither 
receiving nor transmitting). 


These 
registers 
and 
their 
bit 
assignments 
are 


described 
below. 


SMD: Serial Mode Register 
(byte-addressable) 


Bit: 7 
6 
5 
4 
3 
2 
1 


The Serial 
Mode Register 
(Address 
C9H) 
selects the 


operational 
modes of the SIU. The 8044 CPU can both 


read and write SMD. The SIU can read SMD but can- 
not write to it. To prevent 
conflict 
between 
CPU 
and 


SIU access to SMD, 
the CPU should write SMD only 
when the Request 
To Send (RTS) 
and Receive Buffer 


Empty (RBE) 
bits (in the STS register) 
are both false 


(0). 
Normally, 
SMD 
is 
accessed 
only 
during 


initialization. 


The individual 
bits of the Serial 
Mode Register 
are as 


follows: 


Bit # 


SMD.O 
SMD.I 


SMD.3 
SMD.4 


SMD.5 


SMD.6 


SMD.7 


Name 
Description 


NFCS 
No FCS field in the SDLC frame. 


NB 
Non-Buffered 
mode. 
No 
control 
field in the SDLC 
frame. 


PFS 
Pre-Frame 
Sync 
mode. 
In 
this 
mode, the 8044 transmits 
two bytes 
before the first flag of a frame, 
for 
DPLL synchronization. 
If NRZI 
is 
enabled, 
OOH is sent; 
otherwise, 


55H is sent. In either case, 16 pre- 
frame transitions 
are guaranteed. 


LOOP 
Loop configuration. 


NRZI 
NRZI 
coding option. 


If bit = I, NRZI 
coding 
is used. If 
bit = 0, then 
it is straight 
binary 


(NRZ). 


SCMO 
Select Clock Mode - 
Bit 0 


SCM I Select Clock Mode - 
Bit 1 


SCM2 
Select Clock Mode - 
Bit 2 


The SCM bits decode as follows: 


SCM 
l-J...~ 


000 
o 
0 
I 


010 


Clock Mode 


Externally 
clocked 


Reserved 


Data Rate 
(Bits/see)' 
0-2.4M·· 


o 


100 
SCM 


2 
I 
0 
o 
I 
I 
0 
I 
I 


Reserved 


Self clocked, external 
16x 
0-375K 


Data Rate 
(Bits/see)' 


0-187.5K 


375K 


187.5k 


Clock Mode 


Self clocked, external 
32x 


Self clocked, internal 
fixed 


Self clocked, internal 
fixed 


• Based on a 12 Mhz crystal frequency 


"0- 
J M bps in loop configuration 


The 
Status/Command 
Register 
(Address 
C8H) 
pro- 


vides operational 
control of the SIU by the 8044 CPU, 
and enables the SIU to post status 
information 
for .the 


CPU's access. The SIU can read STS, and can alter cer- 
tain bits, as indicated 
below. The CPU can both read 


and write 
STS 
asynchronously. 
However, 
2-cycle 
in- 


structions 
that access STS during both cycles eJBC/B, 


REL' and 'MOY 
/B,C.') 
should not be used, since the 
SIU may write to STS between the two CPU accesses. 


The individual 
bits of the Status/Command 
Register 
are as follows: 
Bit # 
Name 


STS.O 
RBP 


Description 


Receive 
Buffer 
Protect. 
Inhibits 


writing of data into the receive buff- 
er. In AUTO 
mode, RBP forces an 
RNR response instead of an RR. 


AUTO 
Mode/ Addressed 
Mode, Se- 
lects 
AUTO 
mode 
where 
AUTO 
mode 
is allowed. 
If NB 
is true, 


(= I), the AM 
bit selects 
the ad- 


dressed 
mode, AM may be cleared 
by the SIU, 


Optional 
Poll 
Bit. 
Determines 
whether 
the SIU 
will generate 
an 
AUTO 
response to an optional 
poll 
(UP with P=O). 
OPB may be set or 
cleared by the SIU. 


Receive Buffer Overrun. 
BOY may 
be set or cleared by the SIU, 


SIU Interrupt. 
This is one of the five 
interrupt 
sources 
to the CPU. 
The 
vector location 
= 
23H, SI may be 
set by the SIU. It should be cleared 
by the CPU before returning 
from 
an interrupt 
routine. 


Request To Send. Indicates 
that the 
8044 is ready to transmit 
or is trans- 
mitting. 
RTS may be read or writ- 
ten by. the CPU. 
RTS may be read 
by the SIU, 
and 
in AUTO 
mode 
may be written by the SIU. 


RBE 
Receive Buffer Empty. RBE can be 
thought 
of as Receive Enable. RBE 
is set to one by the CPU when it is 
ready to receive a frame, or has just 
read the buffer, and to zero by the 
SIU 
when 
a 
frame 
has 
been 
received. 


TBF 
Transmit 
Buffer 
Full. 
Written 
by 


the CPU to indicate that it has filled 
the transmit 
buffer. 
TBF 
may 
be 


cleared by the SIU. 


NSNR: Send/Receive 
Count Register (bit- 
addressable) 


Bit: 
7 
6 


NS2 
NSI 


The Send/Receive 
Count Register (Address 
D8H) con- 
tains the transmit 
and receive sequence 
numbers, 
plus 


tally error indications. 
The SIU can both read and write 
NSNR. 
The 8044 CPU can both read and write NSNR 
asynchronously. 
However, 2-cycle instructions 
that ac- 
cess NSNR 
during 
both cycles ('lBC 
/B, 
REL', 
and 
'MOY 
/B,C) 
should not be used, since the SIU may 
write to NSNR 
between the two 8044 CPU accesses. 


The individual 
bits of the Send/Receive 
Count Register 


are as follows: 


Bit # 
Name 
Description 


NSNR.O 
SER 
Receive Sequence 
Error: 


NS (P) *" NR (S) 


NSNR.I 
NRO 
Receive Sequence Counter-Bit 
0 


NSNR.2 
NRI 
Receive Sequence 
Counter-Bit 
I 


NSNR.3 
NR2 
Receive Sequence 
Counter-Bit 
2 


NSNR.4 
SES 
Send Sequence 
Error: 


NR (P) oF NS (S) and 
NR (P) oF NS (S)+ 
I 


NSNR.5 
NSO 
Send Sequence Counter 
- 
Bit 0 


NSNR.6 
NSI 
Send Sequence Counter 
- 
Bit I 


NSNR.7 
NS2 
Send Sequence Counter 
- 
Bit 2 


Parameter Registers 


There are eight parameter 
registers that are used in con- 
nection with SIU operation. 
All eight registers 
may be 
read or written 
by the 8044 CPU. 
RFL and RCB are 


normally 
loaded by the SIU. 


STAD: Station Address Register 
(byte-addressable) 


The Station 
Address 
register 
(Address 
CEH) 
contains 
the station address. To prevent access conflict, the CPU 
should access STAD only when the SIU is idle (RTS=O 


and RBE = 0). Normally, 
STAD is accessed only during 
initialization. 


TBS: Transmit Buffer'Start 
Address Register 
(byte'addressable) 


The Transmit 
Buffer 
Start 
address 
register 
(Address 


DCH) points to the location in on-chip RAM for the be- 
ginning of the I-field of the frame to be transmitted. 
The 
CPU should access TBS only when the SIU is not trans- 
mitting 
a frame (when TBF=O). 


TBl: Transmit Buffer length 
Register 


(byte·addressable) 


The Transmit 
Buffer 
Length 
register 
(Address 
DBH) 


contains 
the length (in bytes) of the I-field to be trans- 
mitted. 
A blank 
I-field 
(TBL=O) 
is valid. The CPU 


should access TBL only when the SIU is not transmit- 
ting a frame (when TBF=O). 


NOTE: The transmit 
and recieve buffers are not allowed 
to "wrap around" 
in the on-chip RAM. A "buffer 
end" 


is automatically 
generated 
if address 
191 (BFH) 
is 


reached. 


TCB: Transmit Control Byte Register 
(byte-addressable) 


The Transmit 
Control 
Byte register 
(Address 
DAH) 


contains 
the byte which is to be placed 
in the control 
field of the transmitted 
frame, 
during 
NON-AUTO 
mode transmission. 
The CPU should access TCB only 


when 
the 
SIU 
is not 
transmitting 
a 
frame 
(when 
TBF=O). 
The Ns and NR counters 
are not used in the 


NON-AUTO 
mode. 


RBS: Receive Buffer Start Addre •• 
Regi.t.r 


(byt.·.ddr 
•••• 
ble) 


The 
Receive 
Buffer 
Start 
address 
register 
(Address 


CCH) 
points to the location in on-chip RAM where the 


beginning of the I-field of the frame being received is to 
be stored. 
The CPU 
should write RBS only when the 
SIU is not receiving a frame (when RBE=O). 


RBl: Rec.iv. 
Buff.r 
l.ngth 
Regi.t.r 


(byt.·.ddr 
•••• 
bl. ) 


The 
Receive 
Buffer 
Length 
register 
(Address 
CBH) 
contains 
the length 
(in bytes) 
of the area 
in on-chip 


RAM allocated 
for the received I-field. RBL=O 
is val- 


id. The CPU should write RBL only when RBE=O. 


RFl: Receive Field length 
Regi.ter 
(byte-addressable) 


The 
Received 
Field 
Length 
register 
(Address 
CDH) 


contains the length (in bytes) of the received I -field that 
has just been loaded into on-chip RAM. RFL is loaded 
by the SIU. RFL=O 
is valid. RFL should be access sed 
by the CPU only when RBE=O. 


RCS: Receive Control Syte Register 
(byte-addressable) 


The 
Received 
Control 
Byte register 
(Address 
CAH) 
contains the control field of the frame that has just been 
received. RCB is loaded by the SIU. The CPU can only 
read RCB, and should only access RCB when RBE=O. 


The 8044 In-Circuit 
Emulator 
(ICE-44) 
allows the user 
to exercise the 8044 application 
system and monitor the 
execution 
of instructions 
in real time. 


The emulator 
operates 
with 
Intel's 
IntellecS 
develop- 
ment system. 
The development 
system interfaces 
with 
the user's 8044 system through 
an in-cable buffer box. 


The cable 
terminates 
in a 8044 pin-compatible 
plug, 
which fits into the 8044 socket in the user's system. With 


the emulator 
plug in place, the user can excercise his sys- 
tem in real time while collecting 
up to 255 instruction 
cycles of real-time 
data. 
In addition, 
he can single-step 
the program. 


Static 
RAM is available 
(in the in-cable buffer box) to 
emulate 
the 8044 internal 
and external 
program 
mem- 
ory and external data memory. The designer can display 
and alter the contents of the replacement 
memory in the 
buffer box, the internal 
data memory, and the internal 
8044 registers, 
including 
the SFRs. 


SIUST: SIU State Counter (byte-addressable) 


The SIU State Counter 
(Address 
D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, 
care must be taken not to write into this 
register. 
This register 
provides 
a useful means for 
debugging 
8044 receiver 
problem. 


"NOTICE: 
Stresses 
above 
those listed 
under 
Ab- 
solute 
Maximum 
Ratings 
may 
cause 
permanent 
damage to the device. This is a stress rating only and 
functional 
operation 
of the device at these or any 


other conditions 
above those indicated in the opera- 


tional sections 
of this specification 
is not implied. 


Exposure to absolute maximum rating conditions 
for 


extended periods 
may affect device reliabiftiy. 


Ambient Temperature Under Bias ... 
O°C to 70°C 


Storage Temperature 
-65°C to -150°C 


Voltage on EA, VPP Pin to VSS 
-0.5V to -21.5V 


Voltage on Any Other Pin to VSS 
-0.5V to -7V 


Power Dissipation 
2W 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Inpyt Low Voltage (Except EA Pin of 8744H) 
-0.5 
0.8 
V 


VIL 1 
Input Low Voltage to EA Pin of 8744H 
0 
0.8 
V 


VIH 
Input High Voltage (Except XTAL2, RST) 
2.0 
VCC - 0.5 
V 


VIH1 
Input High Voltage to XTAL2, RST 
2.5 
VCC - 0.5 
V 
XTAL1 = VSS 


VOL 
Output Low Voltage (Ports 1, 2, 3)" 
0.45 
V 
IOL = 1.6mA 


VOL1 
Output Low Voltage (port 0, ALE, PSEN)" 


8744H 
0.60 
V 
IOL = 3.2 mA 
0.45 
V 
IOL = 2.4 mA 


8044AH/8344AH 
0.45 
V 
IOL = 3.2 mA 


VOH 
Output High Voltage (Ports 1, 2, 3) 
2.4 
V 
IOH = -80 fJA 


VOH1 
Output High Voltage (Port 0 in External 
2.4 
V 
IOH = -400 fJA 
Bus Mode, ALE, PSEN) 


ilL 
Logical 0 Input Current (Ports 1,2,3) 
-500 
fJA 
Vin = 0.45 V 


ilL 1 
Logical 0 Input Current to EA Pin 
-15 
mA 
of 8744H only 


IIL2 
Logical 0 Input Current (XTAL2) 
-3.6 
mA 
Vin = 0.45 V 
III 
Input Leakage Current (Port 0) 
8744H 
±100 
fJA 
0.45 < Vin < VCC 


8044AH/8344AH 
±10 
fJA 
0.45 < Vin < VCC 


IIH 
Logical 1 Input Current to EA Pin of 8744H 
500 
fJA 


IIH1 
Input Current to RST to Activate Reset 
500 
fJA 
Vin < (VCC - 1.5V) 


ICC 
Power Supply Current: 
All Outputs Discon- 
8744H 
285 
mA 
nected: EA = VCC 
8044AH/8344AH 
170 
mA 


CIO 
Pin Capacitance 
10 
pF 
Test Freq. = 1MHz 


"Notes: 
Capacitive 
loading 
on Ports 0 and 2 may cause spurious 
noise pulses to be superimposed 
on theVOLs 
of ALE and 


Ports 1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these pins 


make 1-to-Otransitions 
during 
bus operations. 
In the worst cases (capacitive 
loading> 
100 pF), the noise pulse on the ALE 


line may exceed O.BY.In such cases it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, or use an address 
latch with a 


Schmitt 
Trigger 
STROBE 
input. 


A.C. CHARACTERISTICS: 
(TA = O°C to +70°C, VCC = 5V ±100f0, VSS = OV) 
Load Capacitance for Port 0, ALE, and PSEN = 100 pF, 
Load Capacitance for All Other Outputs = 80 pF) 


EXTERNAL 
PROGRAM 
MEMORY CHARACTERISTICS 


Variable Clock 
12MHz Ose 
1/TCLCL = 1.2MHz to 12MHz 
Symbol 
Parameter 
Min 
Max 
Min 
Max 
Unit 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX' 
Address Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr in 
ns 
8744H 
183 
4TCLCL-150 
8044AH/8344AH 
233 
4TCLCL-100 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8744H 
190 
3TCLCL-60 
ns 
8044AH/8344AH 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr in 
8744H 
100 
3TCLCL-150 
ns 
8044AH/8344AH 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ2 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV2 
PSEN to Address Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address to Valid Instr in 
8744H 
267 
5TCLCL-150 
ns 
8044AH/8344AH 
302 
5TCLCL-115 
ns 


TAZPL 
Address Float to PSEN 
-25 
-25 
ns 


Notes: 
1. TLLAX for access to program 
memory is different 
from TLLAX for data memory. 


2. Interfacing 
RUPI-44 devices with float times up to 75ns is permissible. 
This limited bus contention 
will not cause any 
damage to Port a drivers. 


Variable Clock 
12MHz Osc 
1/TCLCL 
= 1.2MHz to 12M Hz 
Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Unit 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TLLAX 
Address Hold after ALE 
48 
TCLCL-35 
ns 


TRLDV 
RD Low to Valid Data in 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address to RD or WR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
8744H 
13 
TCLCL-70 
ns 
8044AH/8344AH 
23 
TCLCL-60 
ns 


TQVWH 
Data Setup Before WR High 
433 
7TCLCL-150 
ns 


TWHQZ 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address Float 
25 
25 
ns 


TWHLH 
RD or WR High to ALE High 
8744H 
33 
133 
TCLCL-50 
TCLCL+50 
ns 
8044AH/8344AH 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


Symbol 
Parameter 
Min 
Max 
Units 


TDCY 
Data Clock 
420 
ns 


TDCL 
Data Clock Low 
180 
ns 
, 


TDCH 
Data Clock High 
100 
ns 


!TO 
Transmit Data Delay 
140 
ns 


tOSS 
Data Setup Time 
40 
ns 


tDHS 
Data Hold Time 
40 
ns 


PSEN 


RD 


PSEN 


WR 


2.'=x 20 
2'0)C 
TEST 
POINTS 


0.45 
_0_.8 
0_.8_ 
j 


FLOAT t 
2"2.0 
2.0 
2.' 


0.'5 
0-.8---------0 
...•. 
8 
0.'5 


AC testing inputs are driven at 2.4V for a logic "1" 
and 0.45V for a logic "0" 
Timing measurements 
are made at 2.0V for a logic "1" 
and 0.8V for a logic "0" 


Variable 
Clock 
Freq = 3.5 MHz to 12 MHz 
Symbol 
Parameter 
Min 
Max 
Unit 
TClCl 
Oscillator 
Period 
83.3 
285.7 
ns 
TCHCX 
High Time 
20 
TClCl·TClCX 
ns 
TClCX 
low Time 
20 
TClCl·TCHCX 
ns 


TClCH 
Rise Time 
20 
ns 
TCHCL 
Fall Time 
20 
ns 


I 


STATE 4 I 
STATE 5 I 
S"ATE 6 


Pl I P2 
Pl I P2 
Pl I P2 


STATE 1 


Pl I P2 


STATE 2 


Pl I P2 


STATE J 


Pl I P2 


STATE 4 


Pl I P2 


STATE 5 


Pl I P2 


I 
I 
I 
L- 
2 


THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXECUTION OF A MOVX INSTRUCTION 
~ 
I 
I'\. 
I 
L 


P2(EXT) 


READ CYCLE 


RD 


OOHIS EMITTED 
PCL OUT (IF PROGRAM 


DURING THIS PERIOD 
MEMORY IS EXTERNAL) 


~c( 
FLOAT S~D 
•n~ 


P2 


WRITE CYCLE 
I PCL OUT(EVEN IF PROGRAM 


~----------- 
MEMORY IS INTERNAL) 


DATA oUT-----~ 
•••.B-\ --": tCL 
OUT ;,~OGRAM 
IMEMORY IS EXTERNAL) 
P2 


PORT OPERATION 


MOV PORT, SRC 
...--L POPINS SAMPLED 


MOV DEST.PO 
~,-- 
~f--4t 


MOV DEST.PORT (Pl. P2. PJ) 
POPINS SAMPLED 
c::::::J 
(INCLUDES INTO. INn. 
TO.n) 
~~ 
I-'-L.- 


Pl. P2. PJ PINS SAMPLED 
:,1N~2S:~PLED 
~--q:r 
RXD SAMPLED 


SERIAL PORT SHIFT CLOCK 


~~gDE O)--------~XD 
SAMPLED 


This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins, 
however, ranges from 25 to 125 ns. this propagation 
delay is dependent on variables such as temperature 
and 


pin loading. 
Propagation 
also varies from output to output and component 
to component. 
Typically 
though, 
(TA = 25°C, fully loaded) AD and WA propagation delays are approximately 
50 ns. The other signals are typically 


85 ns. Propagation 
delays are incorporated 
in the AC specifications. 


Erasure Characteristics 
Erasure 
of the 8744H 
Program 
Memory 
begins 
to 
occur when the chip is exposed 
to light with wave- 
lengths shorter than approximately 
4,000 Angstroms. 
Since sunlight 
and fluorescent 
lighting 
have wave- 
lengths 
in this 
range, constant 
exposure 
to these 
light sources over an extended period of time (about 
1 week in sunlight, 
or 3 years in room-level fluores- 
cent lighting) 
could cause. unintentional 
erasure. 
If 
an application 
subjects 
the 8744H 
to this type of 
exposure, 
it is suggested 
that an opaque 
label be 
plClced over the window. 


The recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an inte- 
grated dose of at least 15 W-sec/cm2 
rating for 20 
to 30 minutes, at a distance 
of about 1 inch, should 
be sufficient. 


Erasure 
leaves the array in an all 1s state. 


Programming 
the EPROM 
To be programmed, 
the 8744H must be running with 
a 4 to 6 MHz oscillator. 
(The reason the oscillator 
needs to be running 
is that the internal bus is being 
used to transfer address and program' data to appro- 
priate registers.) The address of an EPROM location 
to be programmed 
is applied 
to Port 1 and pins 
P2.0-P2.3 of Port 2, while the data byte is applied to 
Port O. Pins P2.4-P2.6 and PSEN should be held low, 
and P2.7 and RST high. (These are all TTLlevels 
except RST, which requires 2.5V for high.) EAIVPP 
is held normally 
high, and is pulsed to +21V. While 
EAIVPP 
is at 21V, the ALE/PROG 
pin, which 
is 
normally being held high, is pulsed low for 50 msec. 
Then ENVPP 
is returned 
to high. This is illustrated 
in Figure 3. Detailed 
timing specifications 
are pro- 
vided in the EPROM Programming 
and Verification 
Characteristics 
section of this data sheet. 


Program 
Memory Security 
The program 
memory security feature is developed 
around a "security 
bit" in the 8744H EPROM array. 
Once this "hidden 
bit" 
is programmed, 
electrical 
access to the contents of the entire program memory 
array becomes impossible. 
Activation 
of this feature 
is accomplished 
by programming 
the 
8744H 
as 
described 
in "Programming 
the EPROM" 
with the 
exception that P2.6 is held at a TTL high rather than 
a TIL 
low. In addition, 
Port 1 and P2.0-P2.3 may be 
in any state. Figure 4 illustrates 
the security 
bit pro- 
gramming 
configuration. 
Deactivating 
the security 
feature, which again allows programmability 
of the 
EPROM, is accomplished 
by exposing 
the EPROM 
to ultraviolet 
light. This exposure, 
as described 
in 
"Erasure 
Characteristics," 
erases the entire EPROM 
array. Therefore, 
attempted 
retrieval 
of "protected 
code" 
results in its destruction. 


Program Verification 
Program 
Memory 
may 
be 
read 
only 
when 
the 
"security 
feature" 
has not been activated. 
Refer to 
Figure 5 for Program Verification 
setup. To read the 
Program 
Memory, 
the following 
procedure 
can be 
used. The unit must be running 
with a 4 to 6 MHz 
oscillator. 
The address of a Program 
Memory loca- 
tion to be read is applied 
to Port 1 and pins P2.0- 
P2.3 of Port 2. Pins P2.4-P2.6 and PSEN are held at 
TTL low, while the ALE/PROG, 
RST, and EAIVPP 
pins are held at TTL high. (These are all TTL levels 
except 
RST, which 
requires 
2.5V for high.) Port 0 
will be the data output lines. P2.7 can be used as a 
read strobe. While P2.7 is held high, the Port 0 pins 
float. When P2.7 is strobed low, the contents 
of the 
addressed 
location 
will appear 
at Port O. External 
pullups 
(e.g., 
10K) are required 
on Port 0 during 
program 
verifica~ion. 


...c- 
P2.4 


t 


P2.5 
ALE 
__ 
ALEPROG 


P2.6 


TTL HIGH 
P2.1 


....c-:r-- 
XTAL2 
EA- 
-- 
rA/Vpp 


4-6 MHz 0 ::E---< 


L 
XTAL1 
RST 
VIH1 


1-- 
VSS 
PSEN -. 
*" 
--- 


HC 
P1 


8744H 


HC 
P2.0- 
P2.3 


P2.4 
--"- 
P2.5 


P2.6 


TTL HIGH 
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EPROM PROGRAMMING, 
SECURITY 
BIT PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


(TA = 21°C to 27°C, VCC = 4.5V to 55V, VSS = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
20.5 
21.5 
V 


IPP 
Programming 
Current 
30 
mA 


1fTCLCL 
Oscillator Frequency 
4 
6 
MHz 


TAVGL 
Address Setup to PROG 
48TCLCL 


TGHAX 
Address Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
ENABLE High to VPP 
48TCLCL 


TSHGL 
VPP Setup to PROG 
10 
!-'sec 


TGHSL 
VPP Hold after PROG 
10 
!-'sec 


TGLGH 
PROG Width 
45 
55 
msec 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


EPROM PROGRAMMING, 
SECURITY 
BIT PROGRAMMING 
AND 
VERIFICATION 
WAVEFORMS 


~ 
~H~ 


TGLGH 


21V 
.. 5V 


) 


~TEHSH 
__ 
~ 
~,. 
. 
•• 
"eo, 
) 
__ 
~T_E_H_a_z 
_ 


(ENAili:E) 
. 
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FOR PROGRAMMING 
CONDITIONS 
SEE FIGURE 
3. 


FOR SECURITY 
BIT PROGRAMMING 
CONDITIONS 
SEE FIGURE 4. 


FOR VERIFICATION 
CONDITIONS 
SEE FIGURE 
5. 
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SUMMARY 
The 8044 offers a lower cost and higher performance 
solution to networking microcontrollers than conven- 
tional ·solutions. The system cost ·is lowered by 
integrating an entire microcomputer with an intelligent 
HOLC/SOLC communication processor onto a single 
chip. The higher performance is realizedby integrating 
two processors running concurrently on one chip; the 
powerful 8051 microcontroller and the Serial Inter- 
face Unit. The 8051 microcontroller is substantially 
off-loaded 
from the communication 
tasks when 
using the AUTO mode. In the AUTO mode the SIU 
handles many of the data link functions in hardware. 
The advantages of the AUTO mode are: lesssoftware 
is required to implement a secondary station data link, 
the 8051CPU is offloaded, and the turn-around time 
is reduced, thus increasing the network throughput. 
Currently the 8044 is the only microcontroller with 
a sophisticated communications processor on-chip. In 
the future there willbe more microcontrollers available 
following this trend. 


INTRODUCTION 
Today 
microcontrollers 
are being designed into 
virtually every type of equipment. For the household, 
they are turning up in refrigerators, 
thermostats, 
burglar alarms. sprinklers. and even water softeners. 
At work they are found in laboratory instruments, 
copiers. elevators. hospital equipment, and telephones. 
In addition, a lot of microcomputer equipment con- 
tains more than one microcontroller. Applications 
using multiple microcontrollers as well, as the office 
and home, are now faced with the same requirements 
that laboratory instruments were faced with 12years 
ago - 
they need to connect them together and have 
them communicate. This need was satisfied in the 
laboratory 
with the IEEE-488 General 
Purpose 
Instrumentation 
Bus (GPIB). However. GPIB does 
not meet the current design objectives for network- 
ing microcontrollers. 


Today there are many communications schemes and 
protocols available; some of the popular ones are 
GPIB, Async, HDLC/SOLC. and Ethernet. Cominon 
design objectives of today's networks are: low cost, 
reliable. efficient throughput. 
and expandable. In 
examining available solutions. GPIB does not meet 
these design objectives; first. the cable is too expen- 
sive (parallel communications). second, it can only be 
used over a limited distance (20 meters), and third. 
it can only handle a limited number of stations. For 
general 
networking, 
serial 
communications 
is 
preferable because of lower cable costs and higher 
reliability (fewer connections). While Ethernet pro- 
vides very high performance, it is more of a system 
backbone rather than a microcontroller interconnect. 
Async. on the other hand, is inexpensive but it is not 
an efficient protocol for data block or file transfers. 
Even with some new modifications such as a 9 bit pro- 
tocol for addressing, important 
functions such as 


acknowledgements, error checking/recovery. and data 
transparency are not standardized nor supported by 
available data comm chips. 


SOLC. Synchronous Data Link Control, meets the 
requirements for communications link design. The 
physical medium can be used on two or four wire 
twisted pair with inexpensivetransceivers and connec- 
tors. It can also be interfaced through modems. which 
allows it to be used on broadband networks. leased 
or switched telephone lines. VLSI controllers have 
been available from a number of vendors for years; 
higher performance and more user friendly SDLC con- 
trollers continue to appear. SDLC has also been 
designed to be very reliable. A 16bit CRe checks the 
integrity of the received data. while frame number- 
ing and acknowledgements are also built in. Using 
SDLC, up to 254 stations can be uniquely addressed, 
while HDLC addressing is unlimited. If an RS-422 
only requires a single +5 volt power supply. 


What will the end user pay for the added value pro- 
vided by communications? 
The cost of the com- 
munications hardware is not the only additional cost. 
There will be performance degradation in the main 
application 
because the mjcrocontroller 
now has 
additional tasks to perform. There are two extremes 
to the cost of adding communication capability. One 
could spend very little by adding an I/O port and have 
the CPU handle everything from the baud rate to the 
protocol. Of course the main application would be 
idle whilethe CPU was communicating. The other ex- 
treme would be to add another microcontroller to 
the 
system dedicated 
to 
communications. 
This 
communications processor could interface to the main 
CPU through a high speed parallel link or dual port 
RAM. This approach would maintain system per- 
formance, but it would be costly. 


Adding HDLC/SDLC 
Networking 
Capability 
Figure I shows a microcomputer system with a con- 
ventional HDLCfSDLC 
communications solution. 
The additional hardware needed to realize the con- 
ventional design is:an HDLCfSDLC communication 
chip,additional ROM for the communication software, 
part of an interrupt controller, a baud rate generator, a 
phase locked loop, 
NRZI encoded/decoder, and a 
cable driver locked loop are used when the transmitter 
does not send the clock on a separate linefrom the data 
(i.e. over telephone lines, or two wirecable). the NRZI 
encoder/decoder is used in HDLC/SDLC to combine 
the clock into the data line.A phase locked loop isused 
to recover the clock from the data line. 


The majority of the available communication chips 
provide a limited number of data link control func- 
tions. Most of them will handle Zero Bit Inser- 
tion/Deletion 
(ZBI/D). 
Flags, Aborts. Automatic 
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address recognition, and CRC generation and check- 
ing. 
It is the CPU's 
responsibility 
fo manage 
link access, command recognition and response, 
acknowledgementsand error recovery. Handling these 
tasks can take a lot of CPU time. In addition, servic- 
ing the transmission and reception of data bytes can 
also be very time consuming depending on the method 
used. 


Usinga OMA controller can increasethe overallsystem 
performance, since it can transfer a block of data in 
fewer clock cycles than a CPU. In addition, the CPU 
and the OMA controller can multiplex their accessto 
the busso that both can be running at virtuallythe same 
time. However,both the OMA controller and the CPU 
are sharing the same bus, therefore, neither one get to 
utlize 100%of the bus bandwidth. Microcontrollers 
available today do not support OMA, therefore, they 
would 
have to use interrupts, 
since polling 
is 
unacceptable in a multitasking environment. 


In an interrupt driven, the CPU has overhead in ad- 
dition to servicing the interrupt. Ouring each inter- 
rupt request the CPU has to save all of the important 
registers, 
transfer 
a byte, 
update 
pointers 
and 


counters, then restore all of its registers. At low bit 
rates this overhead may be insignificant. However, the 
percentage of overhead increases linearly with the bit 
rate. At high bit rates this overhead would consume 
all of the CPU's time. There is another nuisance fac- 
tor associated with interrupt driven systems, interrupt 
latency.-Too much interrupt latency will cause data 
to be lost from underrun and over,un errors. 


The additional hardware necessary to implement the 
communications solution, as shown in Figure I, would 


require I LSI chip and about 10TTL chips. The cost 
of CPU throughput degradation can be even greater. 
The percentage of time the CPU has to spend servic- 
ing the communication tasks can be anywhere from 
10-100070,depending on the serial bit rate. These high 
costs will prevent consumer acceptance of network- 
ing microcomputer equipment. 


A Highly 
Integrated, 
High Performance 
Solution 


The 8044 reduces the cost of networking micro- 
controllers withput compromising performance. 
It 


contains all of the hardware components necessary to 
implement a microcomputer system with communica- 
tions capability, plus it reduces the CPU and software 
overhead of implementing HOLC/SOLC. 
Figure 2 


shows a functional block diagram of the 8044. 


The 8044integrates the powerful 8051microcontroller 
with an intelligent Serial Interface Unit to provide a 
single chip solution which efficiently implements a 
distributed processing or distributed control system. 
The microcontroller is a self sufficient unit contain- 
ing ROM, RAM, ALU and its own peripherals. The 
8044's architecture and instruction set are identical to 
the 8051's. The Serial Interface Unit (SIU) uses 
bit synchronous HOLC/SOLC protocol and can com- 
municate at bit rates up to 2.4 Mbps, externally 
clocked, or up to 375 Kbps using the on-chip digital 
phase locked loop. The SIU contains its own pro- 
cessor, which operates concurrently with the micro- 
controller. 


The CPU and the SIU, in the 8044, interface through 
192 bytes of dual port RAM. There is no hardware 
arbitration in the dual port RAM. Both processor's 
memory access cycles are interlaced; each processor 
has access every other clock cycle. Therefore, there 
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is no throughput loss in either processor as a result 
of the dual port RAM, and execution times are deter- 
ministic. Since this has always been the method for 
memory accesson the 8051microcontroller, 8051pro- 
grams have the same execution time in the 8044. 


By integrating all of the communication hardware 
onto the 8051 microcontroller, the hardware cost of 
the system is reduced. Now several chips have been 
integrated into a single chip. This means that the 
system power is reduced, P .C. board space is re- 
duced, 
inventory and assembly is reduced, 
and 
reliability is improved. The improvement in reli- 
ability is a result of fewer chips and interconnections 
on the P.C. board. 


As mentioned before, there can be two extremes in 
a designwhich adds communications to the microcom- 
puter system. The 8044solution uses the high end ex- 
treme. The SIU on the 8044contains its own processor 
which communicates with the 8051 processor through 
dual port RAM and control/status 
registers. While 
the SIU is not a totally independent communications 
processor, it substantially offloads the 8051processor 
from the communication tasks. 


The DMA on the 8044 is dedicated to the SIU. It can- 
not accessexternal RAM. Byhaving a DMA controller 
in the SIU, the 8051 CPU is offloaded. As a result 
of the dual port RAM design, the DMA does not share 
the running at full speed while the frames are being 


transmitted or received. Also, the nuisance of over- 
run and underrun errors is totally eliminated since the 
dedicated DMA controller is guaranteed to meet the 
maximum data rates. Having a dedicated DMA con- 
troller means that the.serial channel interrupt can be 
the lowest priority, thus allowing the CPU to have 
higher priority real time interrupts. 


Figure 3 showsa comparison betweenthe conventional 
and the 8044 solution on the percentage of time the 
CPU must spend sending data. This diagram was 
derived by assuming a 64 byte information frame is 
being transmitted repeatedly. The conventional solu- 
tion is interrupt driven, and each interrupt service 
routine is assumed to take about 15instructions with 
a I JAsec instruction cycle time. At 533 Kbps, an in- 
terrupt would occur every 15 usec. Thus, the CPU 
becomes completely dedicated to servicing the serial 
communications. The conventional design could not 
support bit rates higher than this because of under- 
runs and overruns. For the 8044 to repeatedly send 
64 byte frames, it simply has to reinitialize the DMA 
controller. As a result, the 8044 can support bit rates 
up to 2.4 Mbps. 


Some of the other communications tasks the CPU has 
to perform, such as link access, command recogni- 
tion/response, 
and 
acknowledgements, 
are 
per- 
formed automatically by the SIU in a mode called 
"AUTO." 
The combination of the dedicated DMA 
controller and the AUTO mode, substantially offload 
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the CPU, thus allowing it to devote more of its power 
to other tasks. 


8044'5 Auto Mode 
In the AUTO mode the SIU implements in hardware 
a subset of the SDLC protocol such that it responds 
to many SDLC commands without CPU intervention. 
All AUTO mode responses to the primary station con- 
form to IBM's SDLC definition. In the AUTO mode 
the 8044 can only be a secondary station operating 
in SDLC 
specified "Normal 
Response Mode." 


Normal Response Mode means that the secondary 
station can not transmit unless it is polled by the 
primary station. The SIU in the AUTO mode can 
recognize and respond to the following SDLC com- 
mands without CPU intervention: I (Information), RR 
(ReceiveReady), RNR (ReceiveNot Ready), REJ (Re- 
ject), and for loop mode UP (Unnumbered Poll). The 
SIU can generate the following responses without 
CPU intervention: I, RR, and RNR. In addition, the 
SIU manages Ns and Nr in the control field. If it 
detects an error in either Ns or Nr, it interrupts the 
CPU for error recovery. 


How does the SIU know what responses to send to 
the primary? It uses two status bits which are set by 
the CPU. The two bits are TBF (Transmit Buffer Full) 
and RBP (ReceiveBuffer Protect). TBF indicates that 
the CPU wants to send data, and RBP indicates that 
the receive data buffer is full. Table I shows the 
responses the SIU will send based on these two status 
bits. This is an innovative approach to communica- 
tion design. The CPU in the 8044with one instruction 


can directly set a bit ~hich communicates to the 
primary what its transmit and receivebuffering status 
is. 


When the CPU wants to send a frame, it loads the 
transmit buffer with the data, loads the starting 
address and the count of the data into the SIU, then 
sets TBF to transmit the frame. The SIU waits for the 
primary station to poll it with a RR command. After 
the SIU is polled, it automatically sends the informa- 
tion frame to the primary with the proper control field. 
The SIU then waits for a positive acknowledgement 
from the primary before incrementing the Ns field and 
interrupting the CPU for more data. If a negative 
acknowledgement is received, the SIU automatically 
retransmits the frame. 


When the 8044 is ready to receive information, the 
CPU loads the receivebuffer starting address and the 
buffer length into the SIU, then enables the receiver. 
When a valid information 
frame with the correct 


address and CRe is received, the SIU will increment 
the Nr field, disablethe receiverand interrupt the CPU 
indicating that a good I frame has been received. The 
CPU then sets RBP, reenables the receiver and pro- 
cessesthe received data. By enabling the receiver with 
RBP set, the SIU will automatically respond to polls 
with a Receive Not Ready, thus keeping the link 
moving rather than timing out the primary from a 
disabled receiver, or interrupting 
the CPU with 


another poll before it has processed the data. After 
the Qata has been processed, the CPU clears RBP, 
returning to the Receive Ready responses. 
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SDLC communications can be broken up into four 
states: Logical Disconnect State, Initialization State, 
Frame Reject State, and Information Transfer State. 
Data can only be transferred in the Information 
Transfer State. More than 90010of the time a station 
will be in the Information Transfer State, which is 
where the SIU can run autonomously. In the other 
states, where error recovery, online/offline, 
and in- 


itialization takes place, the CPU manages the protocol. 


_I_ 
I SECONDARY I 


(RR) Receive ready 


(RNR) Receive not ready 


(I) Information 


(I) Information 


In the Information Transfer State there are three com- 
mon events which occur as illustrated in Figure 4, they 
are: I) the primary polls the secondary and the secon- 
dary is ready to receive but has nothing to send, 2) 
the primary sends the secondary information, and 3) 
the secondary sends information 
to the primary. 


Figures 5, 6, and 7 compare the functions the con- 
ventional design and the 8044 must execute in order 
to respond to the primary for the cases in Figure 4. 
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Primary polls secondary 
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sends information 
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Case 3. Primary sends secondary 
information 
frame 
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CASE 3 
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Using case I as an example, the conventional design 
first gets receive interrupts bringing the data from the 
SOLC comm chip into memory. The CPU must then 
decode the command in the control field and deter- 
mine the response. In addition, it must check the Nr 
field for any pending acknowledgements. The CPU 
loads the transmit buffer with the appropriate address 
and control field. then transmits the frame. When the 
8044 receives this frame in AUTO mode, the CPU 
never gets an interrupt because the SIU handles the 
entire frame reception and response automatically. 


In SOLC networks, when there is no information 
transfers, case 1 is the activity on the line. Typically 
this is 80070 of the network traffic. The CPU in the 
conventional design would constantly be getting in- 
terrupts and servicingthe communications tasks, even 
when it has nothing to send or receive. On the other 
hand, the 8044CPU would only get involved in com- 
municating when it has data to send or receive. 


Having the SIU implement a subset of the SOLC pro- 
tocol in hardware-not only offloads the CPU, but it 
also improves-the throughput on the network. The 


most critical parameter for calculating throughput on 
any high speed network is the station turnaround time; 
the time it takes a station to respond after receiving 
a frame. Since the 8044 handles all of the commands 
and responses of the Information Transfer State in 
hardware, the turnaround time is much faster than 
handling it in software, hence a higher throughput. 


8044's 
Flexible 
Mode 
In the "NON-AUTO" 
mode or Flexible mode, the 
SIU does not recognize or respond to any commands, 
nor does it manage acknowledgements, which means 
the CPU must handle link access, command recogni- 
tion/response, acknowledgements and error recovery 
by itself. The Flexible mode allows the 8044 to have 
extended address fields and extended control fields, 
thus providing HOLC support. In the Flexible mode 
the 8044can operate as a primary station, since it can 
transmit without being polled. 


Front End Communications 
Processor 
The 
8044 can 
also 
be used 
as 
an 
intelligent 
HOLC/SOLC front end for a microporcessor, capable 
of extensively off-loading link control functions for 
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the microporcessor. In some applications the 8044can 
even be used for communications preprocessing, in 
addition to data link control. For this type of design 
the 8044 would communicate to the Host CPU 
through a FIFO, or dual pon RAM. A block diagram 
of this design is given in Figure 8. A tightly coupled 
interface between the 8044 and the Host CPU would 
be established. The Host CPU would give the 8044 
high level commands and data which the 8044 would 
convert to HOLC/SOLC. 
This. particular type of 
design would be most appropriate 
for a primary 
Station which isnormally a micro, mini, or mainframe 


computer. Sophisticated secondary stations could also 
take advantage of this design. 


Since the 8044has ROM on chip, all the communica- 
tions software is non-volatile. The 8044 primary 
station could down-line-load software to 8044 secon- 
dary stations. Once down-line-loadingis implemented, 
software updates to the primary and secondary 
stations could be done very inexpensively. The only 
things which would remain fIXed in ROM are the 
HOLC/SOLC communications software and the soft- 
ware interface to the HOST. 
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Digital circuits are often thought 
of as being immune to 
noise problems, 
but really they're 
not. Noises in digital 
systems 
produce 
software 
upsets: 
program 
jumps 
to 
apparently 
random 
locations 
in memory. 
Noise-induced 
glitches in the signal lines can cause such problems, 
but 
the supply voltage is more sensitive to glitches than the 
signal lines. 


Severe noise conditions, 
those involving electrostatic dis- 
charges, or as found in automotive 
environments, 
can do 
permanent 
damage 
to the 
hardware. 
Electrostatic 
dis- 
charges can blow a crater 
in the silicon. In the automo- 
tive environment, 
in ordinary operation, 
the "12Y" power 
line can show + and -400Y transients. 


This 
Application 
Note 
describes 
some 
electrical 
noises 
and noise environments. 
Design considerations, 
along the 
lines 
of 
PCB 
layout, 
power 
supply 
distribution 
and 
decoupling, 
and shielding and grounding 
techniques, that 
may help minimize noise susceptibility are reviewed. Spe- 
cial 
attention 
is given 
to 
the 
automotive 
and 
ESD 
environments. 


Noise problems 
are not usually encountered 
during 
the 
development 
phase of a microcontroller 
system. This is 
because 
benches 
rarely 
simulate 
the 
system's 
intended 
environment. 
Noise problems 
tend not to show up until 
the system is installed and operating in its intended envir- 
onment. 
Then, after a few minutes or hour> of normal 
operation 
the system finds itself someplace 
out in left 
field. Inputs are ignored and outputs 
are gibberish. The 
system 
may respond 
to a reset, or it may have to be 
turned 
off physically and then back on again, at which 
point 
it commences 
operating 
as though 
nothing 
had 
happened. 
There 
may be an obvious cause, such as an 
electrostatic 
discharge from somebody's 
finger to a key- 
board or the upset occurs every time a copier machine is 
turned on or off. Or there may be no obvious cause, and 
nothing 
the operator 
can do will make the upset repeat 
itself. But a few minutes, 
or a few hours, or a few days 
later it happens again. 


One symptom of electrical noise problems is randomness, 
both in the occurrence 
of the problem 
and in what the 
system 
does 
in its failure. 
All operational 
upsets 
that 
occur at seemingly random 
intervals are not necessarily 
caused by noise in the system. Marginal YCC, inadequate 
decoupling. 
rarely 
encountered 
software 
conditions. 
or 
timing 
coincidences 
can 
produce 
upsets 
that 
seem 
to 
occur randomly. 
On the other hand, some noise sources 
can produce 
upsets downright 
periodically. 
Nevertheless, 
the more difficult it is to characterize an upset as to cause 
and effect, the more likely it is to be a noise problem. 


The name given to electrical noises other than those that 
are inherent 
in the circuit components 
(such as thermal 
noise) 
is 
EM!: 
electromagnetic 
interference. 
Motors, 
power switches, fluorescent lights, electrostatic discharges, 
etc., are sources 
of EM I. There is a veritable 
alphabet 
soup of EMf types, and these are briefly described below. 


SUPPLY LINE TRANSIENTS 
Anything that switches heavy current loads onto or off of 
AC or DC power lines will cause large transients in these 
power lines. Switching an electric typewriter on or off, for 
example, can put a lOOOYspike onto the AC power lines. 


The 
basic 
mechanism 
behind 
supply 
line transients 
is 
shown 
in Figure 
I. The 
battery 
represents 
any power 
source, AC or DC. The coils represent the line inductance 
between the power source and the switchable 
loads R I 
and R2. If both loads are drawing current, 
the line cur- 
rent 
flowing 
through 
the 
line inductance 
establishes 
a 
magnetic 
field of some 
value. Then, 
when one of the 
loads is switched off, the field due to that component 
of 
the line current 
collapses, 
generating 
transient 
voltages, 
v = L(dij dt), which try to maintain the current at its orig- 
inal level. That's 
called an "inductive 
kick." Because of 
contact 
bounce, 
transients 
are 
generated 
whether 
the 
switch is being opened or closed, but they're worse when 
the switch is being opened. 


An inductive kick of one type or another 
is involved in 
most line transients, including those found in the automo- 
tive environment. 
Other 
mechanisms 
for line transients 
exist, involving noise pickup on the lines. The noise vol- 
tages are then 
conducted 
to a susceptible 
circuit 
right 
along with the power. 


EMPAND 
RFI 
Anything 
that produces 
arcs or sparks 
will radiate elec- 
tromagnetic 
pulses (EMP) 
or radio-frequency 
interference 
(RFI). 


Spark 
discharges 
have probably 
caused 
more 
software 
upsets in digital equipment 
than any other single noise 
source. The upsetting 
mechanism 
is the EM? 
produced 
by the spark. The EM P induces transients 
in the circuit, 


which are what actually cause the upset. 


Arcs and 
sparks 
occur 
in automotive 
ignition 
systems, 


electric motors, 
switches, static discharges, 
etc. Electric 
motors that have commutator 
bars produce an arc as the 
brushes pass from one bar to the next. OC motors and 
the "universal" (AC. DC) motors that are used to power 
hand tools are the kinds that have commutator 
bars. In 
switches, the same inductive kick that puts transients 
on 


the supply lines will cause an opening or closing switch to 
throw a spark. 


ESD 
Electrostatic 
discharge 
(ESO) 
is the spark 
that 
occurs 
when a person 
picks up a static charge from 
walking 
across a carpet, and then discharges it into a keyboard, or 
whatever else can be touched. 
Walking across a carpet in 
a dry climate, a person can accumulate a static voltage of 
35kV. The current 
pulse from an electrostatic 
discharge 
has an extremely fast risetime - 
typically, 4AJ nsec. Fig- 


ure 2 shows ESO waveforms that have been observed by 
some investigators of ESO phenomena. 


It is enlightening to calculate the L(di dt) voltage required 
to drive an ESO current pulse through a couple of inches 
of straight 
wire. Two inches of straight 
wire has about 
50nH 
of inductance. 
That's 
not very much, 
but using 
50nH for Land 
4A nsec for di dt gives an L(di dt) drop 


of about 
200V. Recent observations 
by W.M. King sug- 


gest even faster risetimes (Figure 2B) and the occurrence 
of multIple discharges during a single discharge event. 


Obviously, 
ESO-sensitivity 
needs to be considered 
in the 
design of equipment 
that is going to be subjected to it, 
such as office equipment. 


GROUND NOISE 
Currents 
in ground 
lines are another 
source 
of noise. 
These can be 60Hl currents from the power lines, or RF 
hash, or crosstalk from other signals that are sharing this 
particular 
wire as a signal return line. l'\oise in the ground 
lines is often referred to as a "ground loop" problem. The 
basic concept 
of the ground 
loop is shown in Figure 3. 
The problem is that true earth-ground 
is not really at the 


same potential 
in all locations. 
If the two ends of a wire 
are earth-grounded 
at different locations. the voltage dif- 


ference between the two "ground" points can drive signifi- 
cant currents 
(several amperes) 
through 
the wire. Con- 
sider the wire to be part of a loop which contains, 
in 


addition 
to the wire. a voltage source that represents the 
dIfference 
in potential 
between the two ground 
points, 
and you halc 
the c1a"ical "ground 
loop." By extension. 
the tcrm 
is used to refer to any 
unwanted 
(and 
often 
unexpected) currents in a ground line. 


Radiated noise is noise that arrives at the victim circuit in 
the form of electromagnetic 
radiation, 
such as EM? 
and 
R FI. It causes trouble by inducing extraneous 
voltages in 
the circuit. Conducted 
noise is noise that arrives at the 


victim circuit already in the form of an extraneous 
vol- 
tage, typically via the AC or OC power lines. 


One defends against 
radiated 
noise by care in designing 


layouts and the use of effective shielding techniques. One 
defends against conducted 
noise with filters and suppres- 
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Figure 2. 
Waveforms of Electrostatic Discharge 
Currents From a Hand-Held 
Metallic Object 


sors, 
although 
layouts 
and 
grounding 
techniques 
are 


important 
here, too. 


Addressing 
noise problems 
after the design of a system 
has been completed 
is an expensive proposition. 
The ill 
will generated 
by failures in the field is not cheap either. 


It's cheaper 
in the long run to invest a little time and 
money 
in learning 
about 
noise 
and 
noise 
simulation 


equipment, 
so that controlled 
tests can be made on the 
bench as the design is developing. 


Simulating 
the intended 
noise environment 
is a two-step 
process: First you have to recognize what the noise envir- 
onment 
is, that IS, you have to know what kinds of elec- 
trical noises are present, and which of them are going to 
cause trouble. 
Don't 
ignore 
this first step, because 
it's 
important. 
If you invest in an induction coil spark gener- 


ator just because your application 
is automotive, 
youll be 
straining 
at the gnat and 
swallowing 
the camel. Spark 
plug 
noise 
is 
the 
least 
of 
your 
worries 
in 
that 


environment. 


The second step is to generate 
the electrical noise in a 


controlled 
manner. This is usually more difficult than first 
imagined; one first imagines the simulation 
in terms of a 


waveform generator and a few spare parts, and then finds 
that a wideband 
power amplifier 
with a 200V dynamic 


range is also required. 
A good source of information 
on 
who supplies what noise-simulating 
equipment 
is the 1981 


"ITEM" Directory and Design Guide (reference 6). 


A major problem that EM I can cause in digital systems is 
intermittent 
operational 
malfunction. 
These 
software 
upsets occur when the system is in operation 
at the time 


an EM I source is activated, and are usually characterized 
by a loss of information 
or a jump 
in the execution 
of 


the program 
to some random 
location 
in memory. 
The 


person who has to iron out such problems is tempted 
to 
say the program 
counter 
went crazy. There is usually no 


damage 
to 
the 
hardware, 
and 
normal 
operation 
can 
resume as soon as the EMl has passed or the source is 
de-activated. 
Resuming normal operation 
usually requires 


manual 
or automatic 
reset, and 
possibly 
re-entering 
of 
lost information. 


Electrostatic 
discharges 
from 
operating 
personnel 
can 
cause 
not 
only 
software 
upsets, 
but 
also 
permanent 
("hard") 
damage 
to the system. 
For this to happen 
the 


system doesn't even have to be in operation. 
Sometimes 


the permanent 
damage is latent, meaning the initial dam- 
age 
may be marginal 
and 
require 
further 
aggravation 
through 
operating 
stress and time before permanent 
fail- 
ure takes place. Sometimes too the damage is hidden. 


One ESD-related 
failure mechanism that has been identi- 
fied has to do With the bias voltage on the substrate 
of 
the chip. On some CPU 
chips the substrate 
is held at 


-2.5V by a phase-shift 
oscillator 
working 
into a capaci- 
tor/ diode clamping circuit. This is called a "charge pump" 
in chip-design circles. If the substrate 
wanders too far in 


either 
direction. 
program 
read errors 
are 
noted. 
Some 


designs have been known to allow electrostatic 
discharge 


currents 
to flow directly into port pins of an 8048. The 


resulting damage to the oxide causes an increase in leak- 
age current, which loads down the charge pump. reducing 
the substrate voltage to a marginal or unacceptable 
level. 


The system is then unreliable 
or completely 
inoperative 


until the CPU chip is replaced. But if the CPU chip was 
subjected 
to a discharge 
spark 
once. 
it will eventually 


happen again. 


Chips that have a grounded 
substrate, 
such as the 8748. 


can sometimes sustain some oxide damage without actu- 
ally becoming 
inoperative. 
In this case the damage 
is 


present. and the increased leakage current 
is noted; how- 


ever. since the substrate 
voltage retains its design value. 


the damage is largely hidden. 
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It must therefore be recognized that connecting port pins 
unprotected 
to a keyboard or to anything else that is sub- 
ject to electrostatic 
discharges, 
makes an extremely dan- 
gerous configuration. 
It doesn't make any difference what 
CPU chip is being used, or who makes it. If it connects 
unprotected 
to a keyboard, it will eventually be destroyed. 
Designing 
for 
an 
ESD-environment 
will be discussed 
further on. 


We might 
note here that 
MOS chips are not the only 
components 
that are susceptible to permanent 
ESD dam- 
age. Bipolar and linear chips can also be damaged in this 
way. PN junctions 
are subject to a hard failure mecha- 
nism called 
thermal 
secondary 
breakdown, 
in which a 
current 
spike, 
such as from 
an 
electrostatic 
discharge, 
causes microscopically 
localized spots in the junction 
to 
approach 
melt temperatures. 
Low power TTL chips are 
subject to this type of damage, as are op-amps. Op-amps, 
in addition, 
often carry on<hip 
MOS capacitors 
which 
are directly across an external pin combination, 
and these 
are susceptible to dielectric breakdown. 


We return 
now to the subject of software 
upsets. Noise 
transients 
can upset the chip through 
any pin, even an 
output 
pin, because every pin on the chip connects to the 
substrate 
through 
a 
pn junction. 
However, 
the 
most 
vulnerable 
pin is probably 
the 
VCC line, since it has 
direct access to all parts of the chip: every register, gate, 
flip-flop and buffer. 


The menu of possible upset mechanisms 
is quite lengthy. 
A transient 
on the substrate at the wrong time will gener- 
ally cause a program read error. A false level at a control 
input 
can 
cause an 
extraneous 
or misdirected 
opcode 
fetch. A disturbance 
on the supply line can flip a bit in 
the program counter or instruction register. A short inter- 
ruption 
or reversal 
of polarity 
on the supply 
line can 
actually turn the processor off, but not long enough for 
the power-up reset capacitor to discharge. Thus when the 
transient ends, the chip starts up again without a reset. 


A common 
failure mode is for the processor to lock itself 
into a tight loop. Here it may be executing the data in a 
table, or the program counter may have jumped a notch, 
so that the processor 
is now executing operands 
instead 
of opcodes, 
or it may be trying to fetch opcodes from a 
nonexistent external program memory. 


It should be emphasized that mechanisms for upsets have 
to do with the arrival of noise-induced 
transients at the 
pins of the chips, rather than with the generation of noise 
pulses within the chip itself, that is, it's not the chip that 
is picking up noise, it's the circuit. 


Prevention 
is usually cheaper 
than suppression, 
so first· 


well consider some preventive methods that might help to 


minimize the generation 
of noise voltages in the circuit. 


These methods 
involve grounding, 
shielding, and wiring 
techniques 
that are directed 
toward 
the mechanisms 
by 
which noise voltages are generated 
in the circuit. 
Well 
also discuss methods 
of decoupling. 
Then well 
look at 
some schemes for making a graceful recovery from upsets 
that occur in spite of preventive 
measures. 
Lastly, well 
take another 
look at two special problem 
areas: electro- 
static discharges and the automotive environment. 


The first thing most people learn about electricity is that 
current 
won't flow unless it can flow in a closed loop. 
This simple fact is sometimes 
temporarily 
forgotten 
by 
the overworked 
engineer who has spent the past several 
years mastering the intricacies of the DO loop, the timing 
loop, 
the feedback 
loop, 
and 
maybe even the ground 
loop. The simple current loop probably owes its apparent 
demise 
to the 
invention 
of the ground 
symbol. 
By a 
stroke of the pen one avoids having to draw the return 
paths of most of the current 
loops in the circuit. Then 
"ground~ turns into an infinite current 
sink, so that any 
current that flows into it is gone and forgotten. 
Forgotten 
it may be, but it's not gone. It must return to its source, 
so that 
its path 
will by all the laws of nature 
form a 
closed loop. 


The physical geometry of a given current 
loop is the key 
to why it generates EMI, why it's susceptible to EMI, and 
how to st.ield it. Specifically, it's the area of the loop that 
matters. 


Any flow of current 
generates 
a magnetic 
field whose 
intensity 
varies inversely to the distance 
from the wire 
that 
carries the current. 
Two 
parallel 
wires conducting 
currents 
+I and -I 
(as in signal feed and 
return 
lines) 
would generate a nonzero 
magnetic field near the wires, 
where the distance 
from a given point 
to one wire is 
noticeably different from the distance 
to the other wire, 


but farther away (relative to the wire spacing), where the 
distances from a given point to either wire are about the 
same, the fields from both wires tend to cancel out. Thus, 
maintaining 
proximity 
between feed and return 
paths is 
an 
important 
way to minimize 
their 
interference 
with 
other 
signals. The 
way to maintain 
their 
proximity 
is 
essentially to minimize their loop area. And, because the 
mutual inductance from current loop A to current loop B 
is the same as the mutual inductance from current loop B 
to current 
loop A, a circuit that doesn't 
radiate interfer- 
ence doesn't receive it either. 


Thus, from the standpoint 
of reducing both generation of 
EMI and susceptibility 
to EMl, the hard rule is to keep 
loop areas small. To say that loop areas should be min- 
imized is the same as saying the circuit inductance should 


be minimized. Inductance 
is by definition the constant 
of 
proportionality 
between current and the magnetic field it 
produces: 
<p = LI. Holding the feed and return wires close 


together 
so as to promote 
field cancellation 
can be de- 


scribed either as minimizing the loop area or as minimiz- 
ing L. It's the same thing. 


There are three basic kinds of shields: shielding against 
capacitive coupling, 
shielding against 
inductive coupling, 
and 
R F shielding. 
Capacitive 
coupling 
is electric field 


coupling, 
so shielding 
against 
it amounts 
to shielding 


against 
electric fields. As will be seen, this is relatively 
easy. Inductive 
coupling 
is magnetic 
field coupling, 
so 


shielding against 
it is shielding against 
magnetic 
fields. 
This is a little more difficult. Strangely enough, this type 
of shielding does not in general involve the use of mag- 
netic materials. 
R F shielding, the classical "metallic bar- 
rier~ against 
all sorts of electromagnetic 
fields, is what 
most people picture when they think about shielding. Its 
effectiveness depends partly on the selection of the shield- 
ing material, but mostly, as it turns out, on the treatment 
of its seams and the geometry of its openings. 


SHIELDING AGAINST CAPACITIVE COUPLING 
Capacitive 
coupling 
involves the 
passage 
of interfering 


signals through 
mutual 
or stray capacitances 
that aren't 


shown on the circuit diagram, 
but which the experienced 


engineer 
knows 
are there. 
Capacitive 
coupling 
to one's 


body 
is 
what 
would 
cause 
an 
unstable 
oscillator 
to 


change 
its frequency 
when the person reaches his hand 


over the circuit, for example. 
More importantly, 
in a dig- 
ital system it causes crosstalk in multi-wire cables. 


The way to block capacitive 
coupling 
is to enclose the 


circuit 
or conductor 
you 
want 
to 
protect 
in a 
metal 


shield. That's called an electrostatic 
or Faraday 
shield. If 


coverage 
is 
100%, 
the 
shield 
does 
not 
have 
to 
be 


grounded, 
but it usually is, to ensure that circuit-to-shield 


capacitances 
go to signal reference ground rather than act 


as 
feedback 
and 
crosstalk 
elements. 
Besides, from 
a 
mechanical 
point 
of 
view, 
grounding 
it 
is 
almost 
inevitable. 


A grounded 
Faraday 
shield can be used to break capaci- 
tive coupling between a noisy circuit and a victim circuit, 
as shown 
in Figure 
4. Figure 
4A 
shows 
two circuits 


capacitively 
coupled 
through 
the 
stray 
capacitance 
be- 
tween them. In Figure 4B the stray capacitance 
is inter- 
cepted by a grounded 
Faraday shield, so that interference 


currents are shunted to ground. For example, a grounded 
plane 
can 
be 
inserted 
between 
PCBs 
(printed 
circuit 
boards) 
to 
eliminate 
most 
of the 
capacitive 
coupling 
between them. 


trostatically 
shielded transformer. 
Here, a conducting 
foil 
is laid between the primary and secondary coils so as to 
intercept the capacitive coupling between them. If a sys- 
tem is being upset 
by AC line transients, 
this type of 
transformer 
may provide the fix. To be effective in this 
application, 
the shield must be connected 
to the green- 
wire ground. 


SHIELDING AGAINST INDUCTIVE 
COUPLING 
With inductive coupling, the physical mechanism involved 
is a magnetic flux density B from some external interfer- 
ence source that links with a current 
loop in the victim 
circuit, and generates a voltage in the loop in accordance 
with Lenz's law: v = -NA(dB/ dt), where in this case N = 
I and 
A is the area 
of the current 
loop in the victim 
circuit. 


There 
are 
two aspects 
to 
defending 
a circuit 
against 
inductive 
pickup. 
One aspect is to try to minimize the 
offensive fields at their source. This is done by minimizing 
the area of the current 
loop at the source so as to pro- 
mote field cancellation, as described in the section on cur- 
rent loops. The other aspect is to minimize the inductive 
pickup in the victim circuit by minimizing the area of that 
current 
loop, since, from Lenz's law, the induced voltage 
is proportional 
to this area. 
So the two aspects 
really 


involve the same corrective action: minimize the areas of 
the current 
loops. In other words, minimizing the offen- 


siveness of a circuit inherently minimizes its susceptibility. 
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Shielding against inductive coupling means nothing more 
nor less than controlling 
the dimensions 
of the current 
loops in the circuit. We must look at four examples 
of 
this type of "shielding": the coaxial cable. the twisted pair, 
the ground plane, and the gridded-ground 
PCB layout. 


The Coaxial Cable - 
Figure 5 shows a coaxial cable 
carrying a current 
I from a signal source to a receiving 
load. The shield carries the same current 
as the center 
conductor. 
Outside 
the 
shield, the 
magnetic 
field pro- 
duced by +1 flowing in the center conductor 
is cancelled 
by the field produced 
by -I flowing in the shield. To the 
extent that the cable is ideal in producing 
zero external 
magnetic 
field, it is immune 
to inductive 
pickup 
from 
external 
sources. The cable adds effectively zero area to 
the loop. This is true only if the shield carries the same 
current as the center conductor. 


In the real world, both the signal source and the receiving 
load are likely to have one end connected 
to a common 
signal ground. 
In that case, should the cable be grounded 
at one end, both ends, or neither end' The answer is that 
it should be grounded 
at both ends. Figure 6A shows the 
situation 
when the cable shield is grounded 
at only one 
end. In that case the current 
loop runs down the center 
conductor 
of the cable, then back through 
the common 
ground 
connection. 
The 
loop area 
is not well defined. 
The shield not only does not carry the same current 
as 
the center conductor, 
but it doesn \ carry any current at 
all. There is no field cancellation at all. The shield has no 
effect whatsoever on either the generation 
of EM I or sus- 
ceptibility 
to EM 1. (It is, however, still effective as an 
electrostatic 
shield, or at least it would be if the shield 
coverage were 100%.) 


Figure 6B shows the situation when the cable is grounded 
at both ends. Does the shield carryall 
of the return cur- 
rent, or only a portion 
of it on account 
of the shunting 
effect of the common 
ground connection' 
The answer to 
that 
question 
depends 
on the frequency 
content 
of the 
signal. In general. the current loop will follow the path of 
least impcdance. At low frequencies. OHz to several kHz. 
where the inductive reactance is insignificant, the current 
will follow the path of least resistance. Above a few kHz, 
where inductive reactance 
predominates, 
the current 
will 
follow the path 
of least inductance. 
The path 
of least 
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inductance 
is the path of minimum 
loop area. Hence, for 
higher 
frequencies 
the shield carries 
virtually 
the same 
current as the center conductor, 
and is therefore effective 
against both generation and reception of EM 1. 


Note that we have now introduced 
the famous "ground 
loop" problem, 
as shown 
in Figure 7A. Fortunately, 
a 
digital 
system has some built-in 
immunity 
to moderate 
ground loop noise. In a noisy environment, 
however, one 
can break the ground 
loop, and still maintain 
the shield- 
ing effectiveness of the coaxial cable, by inserting an opti- 
cal coupler, 
as shown 
in Figure 
78. 
What 
the optical 
coupler does, basically, is allow us to re-define the signal 
source as being ungrounded, 
so that that end of the cable 
need not be grounded, 
and still lets the shield carry the 
same current 
as the center conductor. 
Obviously, 
if the 
signal source weren't grounded 
in the first place, the opti- 
cal coupler wouldn't be needed. 


The Twisted Pair - 
A cheaper 
way to minimize loop 
area is to run the feed and return wires right next to each 
other. This isn\ as effective as a coaxial cable in minimiz- 
ing loop area. An ideal coaxial cable adds zero area to 
the loop, 
whereas 
merely 
keeping 
the feed and 
return 
wires next to each other is bound to add a finite area. 


However. two things work to make this cheaper method 
almost 
as good 
as a coaxial 
cable. 
First, 
real coaxial 
cables are not ideal. If the shield current 
isn't evenly dis- 
tributed 
around 
the 
center 
conductor 
at 
every 
cross- 
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section of the cable (it isn't), then field cancellation exter- 
nal to the shield is incomplete. 
If field cancellation 
is 


incomplete, 
then the effective area added to the loop by 
the cable isn't zero. Second, 
in the cheaper 
method 
the 
feed and return 
wires can be twisted together. 
This not 
only maintains their proximity, but the noise picked up in 
one twist tends to cancel out the noise picked up in the 
next twist down the line. Thus the "twisted pair" turns 
out to be about as good a shield against inductive coup- 
ling as coaxial cable is. 


The twisted pair does not, however, provide electrostatic 
shielding 
(i.e., 
shielding 
against 
capacitive 
coupling). 
Another 
operational 
difference between them is that the 
coaxial cable works better at higher frequencies. This is 
primarily 
because the twisted pair adds 
more capacitive 
loading to the signal source than the coaxial cable does. 
The twisted pair is normally considered 
useful up to only 
about 
IM Hz. as opposed 
to near a G Hz for the coaxial 


cable. 


The Ground Plane - 
The best way to minimize loop 


areas when many current 
loops are involved is to use a 
ground 
plane. 
A ground 
plane is a conducting 
surface 
that is to serve as a return conductor 
for all the current 


loops in the circuit. l'ormally, 
it would be one or more 
layers of a multilayer 
PCB. All ground 
points in the cir- 


cuit go not to a grounded 
trace on the PCB. but directly 
to the ground plane. This leaves each current loop in the 
circuit free to complete 
itself in whatever configuration 


yields minimum 
loop area (for frequencies 
wherein the 


ground path impedance is primarily inductive). 


Thus, if the feed path for a given signal zigzags its way 
across the PCB, the return path for this signal is free to 
zigzag right along beneath it on the ground plane, in such 
a configuration 
as to minimize the energy stored in the 
magnetic 
field produced 
by this current 
loop. 
Minimal 


magnetic flux means minimal effective loop area and min- 
imal susceptibility to inductive coupling. 


The Grldded-Ground 
PCB Layout - 
The next best 
thing to a ground plane is to layout 
the ground traces on 


a PCB in the form of a grid structure, as shown in Figure 
8. L2ying horizontal 
traces on one side of the board and 
vertical traces on the other side allows the passage of sig- 
nal and 
power traces. Wherever 
vertical and horizontal 
ground 
traces 
cross. 
they 
must 
be 
connected 
by 
a 
feed-through. 


Have we not created here a network 
of "ground 
loops"? 


Yes, in the literal sense of the word. 
but loops in the 
ground 
layout on a PCB are not to be feared. Such inof- 
fensive little loops have never caused as much noise pick- 
up as their avoidance 
has. Trying 
10 avoid innocent little 


loops in the ground 
layout, 
PCB designers have forced 
current loops into geometries that could swallow a whale. 
That is exactly the wrong thing to do. 


The gridded ground structure works almost as well as the 
ground 
plane. 
as far as minimizing 
loop area 
is con- 
cerned. For a given current loop, the primary return path 
may have to zig once in a while where its feed path zags. 


but you still get a mathematically 
optimal distribution 
of 
currents 
in the grid structure, 
such that the current 
loop 
produces 
less magnetic flux than if the return path were 
restrained 
to follow any single given ground 
trace. The 
key to attaining 
minimum 
loop areas for all the current 
loops 
together 
is to let the ground 
currents 
distribute 
themselves around 
the entire area of the board as freely 
as possible. They want to minimize their own magnetic 
field. Just let them. 


RF SHIELDING 
A 
time-varying 
electric 
field 
generates 
a 
time-varying 
magnetic 
field, and vice versa. Far from the source of a 
time-varying 
EM field, the ratio of the amplitudes 
of the 
electric and magnetic fields is always 377 ohms. Up close 
to the source 
of the fields, however, this ratio can be 
quite 
different, 
and 
dependent 
on 
the 
nature 
of 
the 
source. Where the ratio is near 377 ohms is called the far 
field. and 
where the ratio is significantly different from 
377 ohms is called the near field. The ratio itself is called 
the wave impedance, E; H. 


The near field goes out about 
I 6 of a wavelength from 
the 
source. 
At 
IMHz this 
is about 
150 feet. and 
at 
10MHz it's about 
15 feet. That means if an EMI source 
is in the same room with the victim circuit, it's likely to 
be a near field problem. The reason this matters is that in 
the 
near 
field an 
RF 
interference 
problem 
could 
be 
almost 
entirely 
due to E-field coupling 
or H-field cou- 
pling, and that could influence the choice of an R F shield 
or whether an RF shield will help at all. 


In the near field of a whip antenna, 
the E H ratio 
is 
higher than 377 ohms. which means it's mainly an E-field 
generator. 
A wire-wrap 
post 
can 
be a whip 
antenna. 
Interference 
from a whip antenna 
would be by electric 
field 
coupling, 
which 
is basically 
capacitive 
coupling. 
Methods 
to protect 
a circuit 
from capacitive 
coupling, 
such as a Faraday 
shield, would be effective against 
RF 


interference 
from 
a 
whip 
antenna. 
A 
gridded-ground 
structure would be less effective. 


In the near field of a loop antenna, 
the E/ H ratio 
is 
lower than 377 ohms, which means it's mainly an H-field 
generator. 
Any current 
loop is a loop antenna. 
Interfer- 
ence from a loop antenna 
would be by magnetic 
field 
coupling, 
which is basically the same as inductive cou- 
pling. Methods 
to protect a circuit from inductive cou- 
pling, such as a gridded-ground 
structure, would be effec- 
tive against 
RF 
interference 
from 
a loop 
antenna. 
A 
Faraday shield would be less effective. 


A more difficult case of RF interference, near field or far 
field, may require a genuine metallic R F shield. The idea 
behind 
RF 
shielding 
is that 
time-varying 
EMI 
fields 
induce currents 
in the shielding 
material. 
The 
induced 
currents 
dissipate energy in two ways: IlR losses in the 
shielding material and radiation 
losses as they re-radiate 
their own EM fields. The energy for both of these mech- 
anisms is drawn 
from the impinging 
EMI fields. Hence 
the EM I is weakened as it penetrates the shield. 


More formally, the IlR losses are referred to as absorp- 
tion loss, and the re-radiation 
is called reflection loss. As 
it turns 
out, 
absorption 
loss is the 
primary 
shielding 
mechanism for H-fields, and reflection loss is the primary 
shielding mechanism for E-fields. Reflection loss, being a 
surface phenomenon, 
is pretty much independent 
of the 
thickness of the shielding material. Both loss mechanisms, 
however, 
are 
dependent 
on 
the 
frequency 
(w) 
of the 
impinging 
EMI 
field, and 
on the permeability 
(Il) and 
conductivity 
(a) 
of the 
shielding 
material. 
These 
loss 
mechanisms vary approximately 
as follows: 


reflection loss to an E-field (in dB) -log..!!.- 
Wll 


where t is the thickness of the shielding material. 


The 
first expression 
indicates 
that 
E-field shielding 
is 
more effective if the shield material is highly conductive, 
and less effective if the shield is ferromagnetic, 
and that 
low-frequency 
fields 
are 
easier 
to 
block 
than 
high- 
frequency fields. This is shown in Figure 9. 
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Figure 10. 
H-Field Shielding 


Copper and aluminum 
both have the same permeability, 
but copper 
is slightly more conductive, 
and so provides 
slightly greater 
reflection loss to an E-field. Steel is less 
effective for two reasons. 
First, it has a somewhat 
ele- 


vated permeability due to its iron content, and, second, as 
tends to be the case with magnetic 
materials, 
it is less 
conductive. 


On 
the 
other 
hand, 
according 
to 
the 
expression 
for 


absorption 
loss to an H-field, H-field shielding is more 


effective at higher 
frequencies 
and 
with shield material 


that has both high conductivity and high permeability. 
In 
practice, however, selecting steel for its high permeability 
involves 
some, compromise 
in 
conductivity. 
But 
the 
increase 
in permeability 
more 
than 
makes 
up for the 
decrease in conductivity, as can be seen in Figure 10. This 
figure also shows the effect of shield thickness. 


A composite 
of E-field and H-field shielding is shown in 


Figure II. However, this type of data is meaningful only 
in the far field. In the near field the EMI could be 90% 
H-field, in which case the reflection loss is irrelevant. 
It 
would be advisable then to beef up the absorption 
loss, at 
the expense of reflection loss, by choosing steel. A better 
conductor 
than steel might be less expensive, 
but quite 
ineffective. 


A different shielding mechanism that can be taken advan- 
tage of for low frequency magnetic fields is the ability of 
a high permeability 
material 
such as mumetal 
to divert 
the field by presenting a very low reluctance path to the 
magnetic flux. Above a few kHz, however, the permeabil- 
ity of such materials is the same as steel. 


In actual fact the selection of a shielding material 
turns 
out 
to be less important 
than 
the presence 
of seams, 
joints and holes in the physical structure of the enclosure. 
The shielding mechanisms are related to the induction of 
currents 
in the shield material, but the currents 
must be 
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Figure 11. 
E- and H-Field Shielding 


allowed to flow freely. If they have to detour around slots 
and holes, as shown in Figure 
12, the shield loses much 
of its effectiveness. 


As can be seen in Figure 
12, the severity of the detour 
has less to do with the area of the hole than it does with 
the geometry 
of the hole. Comparing 
Figure 
12C with 


12D shows that a long narrow 
discontinuity 
such as a 
seam can cause more 
R F leakage than a line of holes 
with larger total area. A person 
who is responsible 
for 
designing 
or selecting rack or chassis enclosures 
for an 
EM! 
environment 
needs to be familiar 
with the tech- 
niques that are available for maintaining 
electrical conti- 
nuity across seams. 
Information 
on these techniques 
is 
available in the references. 


There are two kinds of grounds: earth-ground 
and sigrtal 


ground. 
The earth 
is not 
an 
equipotential 
surface, 
so 
earth ground potential varies. That and its other electrical 
properties 
are not conducive 
to its use as a return con- 
duc.tor in a circuit. However, circuits are often connected 
to earth ground for protection against shock hazards. The 
other 
kind 
of ground, 
signal ground, 
is an arbitrarily 
selected reference node in a circuit-the 
node with respect 


to which other node voltages in the circuit are measured. 


SAFETY GROUND 
The standard 
3-wire single-phase 
AC power distribution 
system 
is represented 
in Figure 
13. The white 
wire is 
earth-grounded 
at the service entrance. 
If a load circuit 
has. a metal enclosure 
or chassis, and if the black wire 
develops a short to the enclosure, 
there will be a shock 


hazard to operating 
personnel, unless the enclosure itself 


is earth-grounded. 
If the enclosure 
is earth-grounded, 
a 


__ 
INDUCED 
SHIELD 
CURRENTS 


short results in a blown fuse rather than a "hot" enclo- 
sure. The 
earth-ground 
connection 
to the enclosure 
is 
called 
a 
safety 
ground. 
The 
advantage 
of 
the 
3-wire 


power system is that it distributes 
a safety ground 
along 
with the power. 


Note 
that 
the 
safety-ground 
wire 
carries 
no 
current, 


except in case of a fault, so that at least for low frequen- 
cies it's at earth-ground 
potential 
along its entire length. 
The white wire, on the other hand, may be several volts 
off ground, due to the lR drop along its length. 
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SIGNAL GROUND 
Signal ground 
is a single point in a circuit that is desig- 


nated to be the reference node for the circuit. Commonly, 
wires that connect to this single point are also referred to 
as "signal ground." 
In some circles "power 
supply com- 


mon" or PSC is the preferred terminology 
for these con- 


ductors. 
In any case, the manner 
in which these wires 


connect to the actual 
reference point is the basis of dis- 


tinction 
among 
three 
kinds 
of 
signal-ground 
wiring 


methods: 
series, parallel, and multipoint. 
These methods 


are shown in Figure 14. 


The series connection 
is pretty common 
because it's sim- 


ple and economical. 
It's the noisiest of the three, however, 


due to common 
ground 
impedance coupling between the 
circuits. When several circuits share a ground 
wire, cur- 


rents from one circuit, flowing through 
the finite impe- 


dance of the common ground 
line, cause variations in the 


ground potential of the other circuits. Given that the cur- 
rents in a digital system tend to be spiked, and that the 
common 
impedance 
is mainly 
inductive 
reactance, 
the 


variations could be bad enough to cause bit errors in high 
current or particularly noisy situations. 


The 
parallel 
connection 
eliminates 
common 
ground 


impedance problems, but uses a lot of wire. Other disad- 
vantages are that the impedance of the individual ground 
lines can be very high, and the ground 
lines themselves 


can become sources of EM I. 


In the multipoint 
system, ground impedance is minimized 
by using a ground 
plane with the various circuits con- 


nected to it by very short ground 
leads. This type of con- 


nection 
would 
be 
used 
mainly 
in 
R F circuits 
above 


10M Hz. 


PRACTICAL GROUNDING 
A 
combination 
of 
series 
and 
parallel 
ground-wiring 


methods can be used to trade off economic and the var- 
ious electrical considerations. 
The 
idea is to run series 
connections 
for circuits that have similar noise properties, 
and connect 
them at a single reference point, as in the 
parallel method, as shown in Figure 15. 


In Figure 
15, "noisy signal ground" 
connects 
to things 


like motors 
and 
relays. Hardware 
ground 
is the safety 
ground 
connection 
to chassis, racks, and cabinets. 
It's a 
mistake to use the hardware 
ground as a return path for 


signal currents 
because it's fairly noisy (for example, 
it's 


the hardware 
ground 
that receives an ESD spark) 
and 


tends to have high resistance 
due to joints 
and seams. 


QUIET 
SIGNAL 
GROUND 


NOISY 
AND HIGH 
CURRENT 
SIGNAL 
GROUND 


Screws and bolts don't always make good electrical con- 
nections because of galvanic action, corrosion, 
and dirt. 


These kinds of connections 
may work well at first, and 
then cause mysterious maladies as the system ages. 


Figure 16 illustrates a grounding system for a 9-track dig- 
ital tape recorder, 
showing an application 
of the series! 


parallel ground-wiring method. 


Figure 
17 shows a similar separation 
of grounds 
at the 
PCB level. Currents in rr.ultiplexed LED displays tend to 
put a lot of noise on the ground and supply lines because 
of the constant 
switching and changing 
involved in the 
scanning process. The segment driver ground 
is relatively 
quiet, 
since it doesn't 
conduct 
the 
LED 
currents. 
The 
digit driver 
ground 
is noisier, and 
should 
be provided 
with a separate path to the PCB ground terminal, even if 
the PCB ground 
layout 
is gridded. 
The LED feed and 
return current paths should be laid out on opposite sides 
of the board like parallel Oat conductors. 


Figure 
18 shows right and wrong ways to make ground 


connections 
in racks. Note that the safety ground connec- 


tions from panel to rack are made through ground straps, 
not panel screws. Rack I correctly connects signal ground 
to rack ground 
only at the single reference point. Rack 2 
incorrectly connects signal ground to rack ground at two 
points, creating a ground loop around points I, 2, 3, 4, I. 


Breaking the "electronics 
ground" 
connection 
to point 
I 
eliminates 
the ground 
loop, but leaves signal ground 
in 
rack 2 sharing a ground 
impedance 
with the relatively 
noisy hardware 
ground 
to the reference point; in fact, it 
may end up using hardware 
ground as a return path for 


signal and 
power 
supply 
currents. 
This 
will probably 
cause more problems than the ground loop. 


BRAIDED CABLE 
Ground 
impedance 
problems 
can be virtually eliminated 
by using braided 
cable. The reduction 
in impedance 
is 


due to skin effect: At higher frequencies the current tends 
to flow along the surface of a conductor 
rather than uni- 
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Figure 18. 
Electronic Circuits Mounted In Equipment Racks Should Have Separate Ground Connections. 
Rack 1 Shows Correct Grounding, Rack 2 Shows Incorrect Grounding 


formly 
through 
its 
bulk. 
While 
this 
effect 
tends 
to 
increase the impedance of a given conductor, 
it also indi- 


cates 
the 
way to minimize 
impedance, 
and 
that 
is to 
manipulate 
the shape of the cross-section so as to provide 
more surface area. For its bulk, braided cable is almost 
pure surface. 


The 
main 
consideration 
for power 
supply 
distribution 
lines is, as for signal lines, to minimize the areas of the 
current 
loops. 
But the power 
supply 
lines take 
on an 
importance 
that no signal line has when one considers the 


fact that these lines have access to every PC board in the 
system. 
The 
very extensiveness 
of the 
supply 
current 
loops makes it difficult to keep loop areas small. And, a 
noise glitch on a supply line is a glitch delivered to every 
board in the system. 


The power supply provides low-frequency current 
to the 
load, but the inductance 
of the board-to-board 
and chip- 
to-chip 
distribution 
network 
makes 
it difficult 
for the 
power supply to maintain 
VCC specs on the chip while 
providing the current spikes that a digital system requires. 
In addition, 
the power supply current loop is a very large 
one, which means there will be a lot of noise pick-up. 
Figure 
19A shows a load circuit trying to draw current 


spikes from a supply voltage through the line impedance. 
To the VCC waveform 
shown in that figure should 
be 
added 
the inductive pick-up associated 
with a large loop 
area. 


Adding a decoupling capacitor 
solves two problems: The 
capacitor acts as a nearby source of charge to supply the 
current 
spikes through 
a smaller line impedance, 
and it 


defines a much smaller loop area for the highcr frequency 
components 
of EMl. 
This is illustrated 
in Figure 
19B, 
which shows the capacitor 
supplying 
the current 
spike, 
during which VCC drops from 5V by the amount 
indi- 
cated in the figure. Between current 
spikes the capacitor 
recovers through the line impedance. 


One should resist the temptation 
to add a resistor or an 
inductor 
to the decoupler so as to form a genuine RC or 
LC low-pass 
filter because 
that 
slows down 
the speed 
with which the decoupler cap can be refreshed. Good fil- 
tering and good decoupling 
are not necessarily the same 
thing. 


The current loop for the higher frequency currents, 
then, 
is defined 
by the decoupling 
cap and 
the load circuit, 
rather than by the power supply and the load circuit. For 
the 
decoupling 
cap 
to be able 
to provide 
the current 
spikes required by the load, the inductance of this current 
loop must be kept small, which is the same as saying the 
loop area 
must be kept small. This is also the require- 
ment for minimizing inductive pick-up in the loop. 


There are two kinds of decoupling caps: board decouplers 
and chip decouplers. 
A board decoupler will normally be 
a 10 to 100/,f electrolytic capacitor 
placed near to where 
the power supply enters the PC board, but its placement 
is 
relatively 
non-critical. 
The 
purpose 
of 
the 
board 
decoupler 
is to refresh the charge on the chip decouplers. 
The chip decouplers are what actually provide the current 
spikes to the chips. A chip decoupler 
will normally be a 
0.1 to I/'f ceramic 
capacitor 
placed 
near the chip and 
connected 
to the chip by traces that minimize the area of 
the 
loop 
formed 
by the cap and 
the chip. 
If a chip 
decoupler 
is not properly placed on the board. it will be 
ineffective as a decoupler 
and will serve only to increase 
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(B) Drawing Current Spikes 


Irom a Decou pIIng Capacitor 


the 
cost 
of the 
board. 
Good 
and 
bad 
placement 
of 
decoupling capacitors are illustrated in Figure 20. 


Power distribution 
traces on the PC board 
need to be 
laid out so as to obtain 
minimal 
area (minimal 
induc- 


tance) 
in 
the 
loops 
formed 
by 
each 
chip 
and 
its 


decoupler, 
and 
by the chip decouplers 
and 
the 
board 


decoupler. 
One way to accomplish 
this goal is to use a 


power 
plane. 
A power 
plane is the same as a ground 


plane, but at VCC potential. 
More economically, a power 
grid similar to the ground grid previously discussed (Fig- 
ure 8) can be used. Actually, if the chip decoupling loops 
are small, other aspects of the power layout are less criti- 
cal. In other 
words. power 
planes and 
power gridding 
aren) 
needed, but power traces should be laid in the clos- 


est possible proximity to ground traces, preferably so that 


There must be • very low inductance between decoupllng ctpacltor 
.nd the IC. 


Poor Placement ~I 


SenerPlacement 
~vcc 


each power 
trace is on the direct 
opposite 
side of the 
board from a ground trace. 


Special-purpose 
power 
supply 
distribution 
buses which 
mount on the PCB are available. The buses use a parallel 
flat conductor 
configuration, 
one conductor 
being a VCC 


line and 
the other a ground 
line. Used in conjunction 
with a gridded 
ground 
layout, 
they not only provide a 


low-inductance 
distribution 
system, 
but 
can 
themselves 
form part of the ground 
grid, thus facilitating 
the PCB 
layout. 
The 
buses 
are 
available 
with 
and 
without 
enhanced 
bus capacitance, 
under 
the names 
Mini! Bus!!> 


and 
Q! PAC!!> from 
Rogers 
Corp. 
(5750 E. McKellips, 


Mesa, AZ 85205). 


SELECTING THE VALUE OF THE 
OECOUPLING 
CAP 
The effectiveness of the decoupling 
cap has a lot to do 
with the way the power and ground 
traces connect this 
capacitor 
to the chip. 
In fact, the area formed 
by this 


loop is more important 
than the value of the capacitance. 
Then, given that the area of this loop is indeed minimal, 
it can generally be said that the larger the value of the 
decoupling 
cap, the more effective it is, if the cap has a 
mica, ceramic, glass, or polystyrene dielectric. 


It's often said, and not altogether accurately, that the chip 
decoupler shouldn't 
have too large a value. There are two 
reasons for this statement. 
One is that some capacitors, 


because of the nature of their dielectrics, tend to become 
inductive 
or lossy at higher frequencies. 
This is true of 


electrolytic capacitors, 
but mica, glass, ceramic, and poly- 


styrene 
dielectrics 
work 
well to several hundred 
MHz. 


The other reason cited for not using too large a capaci- 
tance has to do with lead inductance. 


The capacitor 
with its lead inductance 
forms a series LC 
circuit. Below the frequency 
of series resonance, 
the net 
impedance 
of the combination 
is capacitive. 
Above that 


frequency, the net impedance is inductive. Thus a decou- 
piing capacitor 
is capacitive only below the frequency of 
series resonance. This frequency is given by 


I 


fO=2rr.j[E 


where C is the decoupling 
capacitance 
and L is the lead 
inductance 
between the capacitor and the chip. On a PC 
board this inductance is determined 
by the layout, and is 
the same whether 
the capacitor 
dropped 
into the PCB 


holes is 0.00 Il'f or ll'f. Thus, increasing the capacitance 
lowers the series resonant frequency. In fact, according to 
the resonant 
frequency formula, 
increasing C by a factor 
of !OOlowers the resonant frequency by a factor of 10. 


Figures 
quoted 
on the series resonant 
frequency 
of a 
O.Oll'f capacitor 
run from 
10 to !5MHz, 
depending 
on 


the lead length. 
If these numbers 
were accurate, 
a ll'f 
capacitor in the same position on the board would have a 
resonant frequency of 1.0 to 1.5MHz, and as a decoupler 
would do more harm than good. However, the numbers 
are based on a presumed inductance 
of a given length of 
wire (the lead length). It should be noted that a "length of 
wire 


fl has no inductance 
at all, strictly speaking. Only a 
complete current loop has inductance, and the inductance 
depends on the geometry of the loop. Figures quoted 
on 
the inductance 
of a length of wire are based on a pre- 
sumably 
"very large" loop area, such that the magnetic 
field produced 
by the return current 
has no cancellation 
effect on the field produced 
by the current 
in the given 
length of wire. Such a loop geometry 
is not and should 
not be the case with the decoupling loop. 


Figure 2 I shows VCC waveforms, measured between pins 
40 and 20 (VCC and VSS) of an 8751 CPU, for several 
conditions 
of decoupling 
on a 
PC 
board 
that 
has a 
decoupling 
loop area slightly larger than necessary. These 
photographs 
show the effects of increasing the decoupling 
capacitance 
and 
decreasing 
the area 
of the decoupling 
loop. The indications 
are that a ll'f capacitor 
is better 
than 
a O.ll'f 
capacitor, 
which 
in turn 
is better 
than 
nothing, 
and that the board 
should 
have been laid out 
with more attention 
paid to the area of the decoupling 
loop. 


Figure 21E was obtained 
using a special-purpose 
experi- 


mental capacitor designed by Rogers Corp. 
''l-Pac 
Divi- 
sion, Mesa, AZ) for use as a decoupler. 
It con. ;ts of two 
parallel plates, the length of a 40-pin DIP, separated by a 


ceramic 
dielectric. 
Sandwiched 
between 
the 
cpu 
chip 
and the PCB (or between the cpu 
socket and the PCB), 


it makes connection 
to pins 40 and 20, forming a lead less 
decoupling 
capacitor. 
It is obviously a configuration 
of 
minimal inductance. 
Unfortunately, 
the particular 
sample 
tested had only 0.071'f of capacitance 
and so was unable 
to prevent the IM Hz ripple as effectively as the configu- 
ration 
of Figure 
21D. It seems apparent, 
though, 
that 
with more capacitance 
this part 
will alleviate 
a lot of 
decoupling problems. 


THE CASE FOR ON-BOARD VOLTAGE 
REGULATION 
To complicate 
matters, supply line glitches aren1 always 


picked 
up in the distribution 
networks, 
but can come 
from the power supply circuit itself. In that case, a well- 
designed distribution 
network faithfully delivers the glitch 
throughout 
the system. The VCC glitch in Figure 22 was 
found to be coming from within a bench power supply in 
response 
to the 
EM P produced 
by an 
induction 
coil 
spark 
generator 
that 
was being used at Intel during 
a 
study of noise sensitivity. The VCC glitch is about 400mV 
high and some 20l'sec in duration. 
ormal board decoup- 
ling techniques were ineffective in removing it, but adding 
an on-board voltage regulator chip did the job. 


Thus, a good case can be made in favor of using a vol- 
tage regulator chip on each PCB, instead of doing all the 
voltage 
regulation 
at 
the 
supply 
circuit. 
This 
eases 


requirements 
on the heat-sinking 
at the supply circuit, 


and alleviates much of the distribution 
and board decou- 
piing headaches. 
However, It also brings in the possibility 


that different boards would be operating at slightly differ- 
ent VCC levels due to tolerance 
in the regulator 
chips; 


this then leads to slightly different logic levels from board 
to board. The implications of that may vary from nothing 
to latch-up, depending 
on what kinds of chips are on the 
boards, 
and 
how they react to an input "high" 
that is' 


perhaps 0.4V higher than local VCc. 


Recovering Gracefully from a Software 
Upset 


Even when one follows all the best guidelines for design- 
ing for a noisy environment, 
it's always possible 
for a 
noise 
transient 
to 
occur 
which 
exceeds 
the 
circuit's 


immunity level. In that case. one can strive at least for a 
graceful recovery. 


Graceful 
recovery 
schemes involve additional 
hardware 
and or software which is supposed 
to return the system 
to a normal 
operating 
mode after a software 
upset has 


occurred. Two decisions have to be made: How to recog- 
nize when an upset has occurred, and what to do about 
it. 


If the designer 
knows what kinds and combinations 
of 


(C) 0.1JJf Decoupler 
Stretched 
Directly 
from Pin 
40 to Pin 20, under the Socket (The diller- 
ence between this and 21B is due only to the 
change In loop geometry. Also shown Is the 
upward slope of a ripple in Vcc. The ripple 
frequency Is 1MHz, the same as ALE.) 


(E) Special-Purpose Decoupling Cap under Devel- 
opment by Rogers Corp. (Further discussion 
in text.) 


(D) 11'f Decoupler 
Stretched 
Directly from Pin 40 


to Pin 20, under the Socket. 
(This prevents 


the 1MHz ripple, but there's no reduction 
In 


higher 
frequency 
components. 
Further 


Increases In capacitance 
ellected 
no further 


Improvement.) 


outputs 
can legally be generated 
by the system, he can 


use gates to recognize and flag the occurrence 
of an ille- 


gal state of affairs. The flag can then trigger a jump to a 
recovery 
routine 
which then 
may check 
or re-initialize 


data, 
perhaps 
output 
an error 
message, 
or generate 
a 


simple reset. 


The most reliable scheme is to use a so-called watchdog 
circuit. Here the CPU is programmed 
to generate a peri- 


odic signal as long as the system is executing instructions 
in an expected 
manner. The periodic signal is then used 


to hold off a circuit that will trigger a jump to a recovery 
routine. 
The periodic 
signal needs to be AC-<:oupled to 
the trigger circuit so that a "stuck-at" fault won' 
continue 
to hold off the trigger. Then, 
if the processor 
locks up 


someplace, 
the periodic signal is lost and the watchdog 
triggers a reset. 


In practice, it may be convenient 
to drive the watchdog 


circuit with a signal which is being generated anyway by 
the system. 
One needs to be careful, 
however, 
that an 


upset does in fact discontinue 
that signal. Specifically, for 


example, 
one could 
use one of the digit drive signals 


going to a multiplexed 
display. 
But display scanning 
is 


often handled in response to a timer-interrupt, 
which may 
continue 
operating even though the main program is in a 
failure mode. 
Even so, with a little extra 
software, 
the 


signal can be used to control the watchdog (see reference 
8 on this). 


Simpler schemes can work well for simpler systems. For 
example, 
if a CPU isn't doing anything 
but scanning and 


decoding 
a keyboard, 
there's little to lose and 
much to 


gain' by simply resetting 
it periodically 
with an astable 
multivibrator. 
It only takes about 
l3/lsec (at 6M Hz) to 


reset an 8048 if the clock oscillator is already running. 


A zero-<:ost measure is simply to fill all unused program 
memory with Naps 
and JMPs to a recovery routine. The 
effectiveness of this method 
is increased 
by writing the 
program 
in segments 
that are separated 
by Naps 
and 


JMPs. 
It's still possible, of course, to get hung up in a 


data table or something. 
But you get a lot of protection, 


for the cost. 


Further 
discussion 
of graceful 
recovery schemes can be 
found in reference 13. 


ESD 
Mas 
chips have some built-in protection 
against a static 
charge build-up on the pins, as would occur during nor- 
mal handling, 
but there's no protection 
against the kinds 
of current 
levels and rise times that occur in a genuine 
electrostatic 
spark. These kinds of discharges can blow a 
crater in the silicon. 


It must be recognized that connecting 
CPU pins unpro- 
tected to a keyboard or to anything else that is subject to 
electrostatic discharges makes an extremely fragile config- 
uration. 
Buffering them is the very least one can do. But 
buffering 
doesn' 
completely 
solve the problem, 
because 
then the buffer chips will sustain the damage (even TTL); 
therefore, 
one might consider 
mounting 
the buffer chips 


in sockets for ease of replacement. 


Transient 
suppressors, 
such as the TranZorbS® made by 


General 
Semiconductor 
Industries (Tempe, 
AZ), may in 


the lon& run provide the cheapest protection 
if their "zero 


inductance" 
structure 
is used. The structure 
and circuit 


application are shown in Figure 23. 


The suppressor element is a pn junction 
that operates like 
a Zener diode. 
Back-to-back 
units are available 
for AC 
operation. 
The element is more or less an open circuit at 


normal system voltage (the standoff voltage rating for the 
device), and conducts like a Zener diode at the clamping 
voltage. 


The 
lead inductance 
in the conventional 
transient 
sup- 


pressor 
package 
makes the conventional 
package 
essen- 
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tially useless for protection 
against ESD pulses, owing to 
the fast rise of these pulses. The "zero inductance" 
units 
are available singly in a 4-pin DIP, and in arrays of four 
to a 16-pin DIP for PCB level protection. 
In that applica- 
tion they should 
be mounted 
in close proximity 
to the 
chips they protect. 


In addition, 
metal enclosures or frames or parts that can 
receive an 
ES D spark should 
be connected 
by braided 
cable to the green-wire ground. 
Because of the ground 
impedance, 
ESD 
current 
shouldn't 
be allowed 
to flow 
through any signal ground, even if the chips are protected 
by transient 
suppressors. 
A 35kV ESD spark can always 
spare a few hundred 
volts to drive a fast current 
pulse 
down a signal ground 
line if it can't find a braided cable 
to follow. Think how delighted your 8048 will be to find 
its VSS pin about 
250V higher than vec for a few 10s 
of nanoseconds. 


THE AUTOMOTIVE 
ENVIRONMENT 
The 
automobile 
presents 
an 
extremely 
hostile environ- 
ment for electronic systems. There are several parts to it: 


I. Temperature 
extremes 
from -40°C 
to +125°C (under 
the hood) or +85°C (in the passenger compartment) 


2. Electromagnetic 
pulses from the ignition system 


3. Supply line transients that will knock your socks off 


One needs to take a long, careful look at the temperature 
extremes. 
The allowable 
storage 
temperature 
range for 
most 
Intel 
MOS 
chips 
is -65°C 
to +150°C, 
although 


some chips have a maximum 
storage temperature 
rating 
of +125°C. 
In operation 
(or "under 
bias," as the data 
sheets 
say) 
the 
allowable 
ambient 
temperature 
range 
depends on the product grade, as follows: 


Ambient Temperature 


Grade 
min. 
max. 


Commercial 
0 
70 
Industrial 
-40 
+85 
Automotive 
-40 
+110 
Military 
-55 
+125 


The different product 
grades are actually the same chip, 


but tested according to different standards. 
Thus, a given 
commercial-grade 
chip 
might 
actually 
pass 
military 
temperature 
requirements, 
but not have been tested for it. 


(Of course, there are other differences in grading require- 
ments having to do with paCkaging, burn-in, traceability, 
etc.) 


In any case, it's apparent 
that 
commercial-grade 
chips 
can't be used safely in automotive 
applications, 
not even 
in the passenger compartment. 
Industrial-grade 
chips can 
be used in the passenger compartment, 
and automotive 
or 
military chips are required in under-the-hood 
applications. 


Ignition 
noise; CB radios, 
and 
that 
sort 
of thing 
are 
probably 
the least of your worries. In a poorly designed 
system, or in one that has not been adequately 
tested for 
the automotive 
environment, 
this type 
of EMI 
might 
cause a few software upsets, but not destroy chips. 


The major problem, 
and the one that seems to come as 
the biggest surprise to most people, is the line transients. 
Regrettably, 
the 12V battery is not actually the source of 
power when the car is running. 
The charging system is, 


and it's not very clean. The only time the battery 
is the 
real source of power is when the car is first being started, 
and in that condition the battery terminals may be deliv- 
ering about 
5 or 6V. Below is a brief description 
of the 
major idiosyncracies of the "12V" automotive power line. 
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• An abrupt 
reduction 
in the alternator 
load causes a 
positive voltage transient called "load dump." In a load 
dump transient the line voltage rises to 20 or 30V in a 
few msec, then decays exponentially 
with a time con- 


stant of about 
100msec, as shown in Figure 24. Much 
higher peak voltages and longer decay times have also 
been reported. The worst case load dump is caused by 
disconnecting 
a low battery from the alternator 
circuit 
while the alternator 
is running. 
Normally 
this would 
happen 
intermittently 
when the battery terminal 
con- 
nections are defective. 


• When the ignition is turned off, as the field excitation 
decays, the line voltage can go to between -40 and 
-IOOV for 100 msec or more. 


• Miscellaneous 
solenoid 
switching 
transients, 
such as 
the one shown in Figure 25, can drive the line to + or 
-200 to 400V for several J.lsec. 


• Mutual 
coupling 
between 
unshielded 
wires in long 
harnesses 
can 
induce 
100 and 
200V 
transients 
in 
unprotected circuits. 


What all this adds up to is that people in the business of 
building systems for automotive 
applications 
need a com- 
prehensive testing program. An SAE guideline which des- 
cribes 
the 
automotive 
environment 
is 
available 
to 
designers: 
SAE 
J 1211, "Recommended 
Environmental 
Practices 
for Electronic 
Equipment 
Design," 
1980 SAE 
Handbook. 
Part I, pp. 22.80-22.96. 


Some 
suggestions 
for protecting 
circuitry are shown 
in 
Figure 26. A transient suppressor 
is placed in front of the 
regulator chip to protect it. Since the rise times in these 
transients 
are not like those in ESD pulses, lead induc- 
tance is less critical and conventional 
devices can be used. 
The regulator 
itself is pretty much of a necessity, since a 
load dump 
transient 
is simply not going to be removed 
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by any conventional LC or RC filter. 


Special 
110 interfacing 
is also required, 
because of the 
need for high tolerance to voltage transients, 
input noise, 


inputloutput 
isolation, etc. In addition, 
switches that are 
being monitored 
or driven by these buffers are usually 
referenced to chassis ground instead of signal ground, and 
in a car there can be many volts difference between the 
two. 110 interfacing is discussed in reference 2. 


The 
EMC 
Education 
committee 
has available 
a video 


tape: "Introduction 
to EMC - 
A Video Training Tape," 


by Henry Otto Don White Consultants 
offers a series of 


training courses on many different aspects of electromag- 
netic 
compatibility. 
Most 
organizations 
that 
sponsor 


EMC courses also offer in-plant presentations. 


The 
main 
sources 
of information 
for this Application 


Note were the references by Ott and by White. Reference 
5 is probably 
the finest treatment 
currently available on 
the subject. The other references provided specific infor- 
mation as cited in the text. 


Courses and seminars on the subject of electromagnetic 
interference 
are 
given 
regularly 
throughout 
the 
year. 


Information 
on these can be obtained from: 


IEEE Electromagnetic Compatibility Society 
EMC Education Committee 
345 East 47th Street 
New York, NY 10017 
Phone: (212) 752-6800 


Don White Consultants, 
Inc. 


International 
Training Centre 
P.O. Box D 
Gainesville, VA 22065 
Phone: (703) 347-0030 
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Intel's 
microcontroller 
families 
(MCS<IP-48, MCS-5I, 
and iACX-96) contain a circuit that is commonly referred 
to as the "on-chip 
oscillator". 
The on-chip circuitry is 
not itself an oscillator, 
of course, but an amplifier that 
is suitable for use as the amplifier part of a feedback 
oscillator. 
The data sheets and Microcontroller 
Hand- 
book show how the on-chip amplifier and several off- 
chip components 
can be used to design a working os- 
cillator. With proper selection of off-chip components, 
these oscillator circuits will perform better than almost 
any other type of clock oscillator, 
and by almost any 
criterion of excellence. 
The suggested circuits are sim- 
ple, economical, 
stable, and reliable. 


We offer assistance to our customers in selecting suitable 
off-chip components 
to work with the on-chip oscillator 
circuitry. It should be noted, however, that Intel cannot 
assume the responsibility 
of writing specifications 
for 
the off-chip components 
of the complete oscillator cir- 
cuit, nor of guaranteeing 
the performance of the finished 
design in production, 
anymore than a transistor 
manu- 
facturer, whose data sheets show a number of suggested 
amplifier circuits, can assume responsibility 
for the op- 
eration, 
in production, 
of any of them. 


We are often asked why we don't publish a list of re- 
quired crystal or ceramic resonator 
specifications, 
and 
recommend 
values for the other off-chip components. 
This has been done in the past, but sometimes 
with 
consequences 
that were not intended. 


Suppose 
we suggest a maximum 
crystal resistance 
of 
30 ohms for some given frequency. 
Then your crystal 


supplier tells you the 30-ohm crystals are going to cost 
twice as much as 50-ohm 
crystals. 
Fearing 
that Intel 
will not "guarantee 
operation" 
with 50-ohm crystals, 
you order the expensive 
ones. In fact, Intel guarantees 
only what is embodied within an Intel product. Besides, 
there is no reason why 50-ohm crystals couldn't be used, 
if the other off-chip components 
are suitably adjusted. 


Should we recommend values for the other off-chip com- 
ponents? Should we do it for 50-ohm crystals or 30-ohm 
crystals? With respect to what should we optimize their 
selection? 
Should we minimize 
start-up time or maxi- 
mize frequency stability? In many applications, 
neither 
start-up time nor frequency stability are particularly crit- 
ical, and our "recommendations" 
are only restricting 
your system to unnecessary 
tolerances. 
It all depends 
on the application. 


Although we will neither "specify" 
nor "recommend" 


specific off-chip components, 
we do offer assistance in 
these tasks. Intel applications 
engineers are available to 
provide 
whatever 
technical 
assistance 
may be needed 
or desired 
by our customers 
in designing 
with Intel 
products. 


This Application Note is intended to provide such assis- 


tance in the design of oscillator 
circuits for microcon- 


troller systems. 
Its purpose is to describe in a practical 
manner how oscillators work, how crystals and ceramic 
resonators work (and thus how to spec them), and what 
the on-chip amplifier looks like electronically 
and what 


its operating 
characteristics 
are. A BASIC program 
is 


provided in Appendix 
II to assist the designer in deter- 


mining the effects of changing 
individual 
parameters. 


Suggestions 
are provided for establishing 
a pre-produc- 
tion test program. 


Figure I shows an amplifier whose output line goes into 
some passive network. If the input signal to the amplifier 
is \JI' then 
the 
output 
signal 
from 
the 
amplifier 
is 


\J2 = A\JI and the output signal from the passive network 
is \J) = (3\J2 = (3A\J1. Thus (3A is the overall gain from 
terminal 
I to terminal 3. 


Now connect terminal I to terr.linal 3, so that the signal 
path forms a loop: I to 2 to 3, which is also 1. Now we 
have a feedback loop, and the gain factor (3A is called 
the loop gain. 


Gain factors 
are complex 
numbers. 
That means they 


have a magnitude and a phase angle, both of which vary 
with frequency. When writing a complex 
number, one 


must specify both quantities, 
magnitude 
and angle. 
A 


number whose magnitude 
is 3, and whose angle is 45 
degrees is commonly written this way: 3112°. The num- 
ber 
I is, 
in complex 
number 
notation, 
I1J20 , while 


-lisl~o. 


By closing the feedback loop in Figure 0, we force the 
equality 


\J1 = (3A\J1 


This equation has two solutions: 


I) 
\J1 
= 0; 


In a given circuit, either or both of the above solutions 
may be in effect. In the first solution the circuit is quies- 
cent (no output 
signal). 
If you're 
trying 
to make an 


oscillator, 
a no-signal condition 
is unacceptable. 
There 


are ways to guarantee that the second solution is the one 
that will be in effect, and that the quiescent 
condition 


will be excluded. 


A feedback oscillator amplifies its own noise and feeds 
it back to itself in exactly the right phase, at the oscil- 
lation frequency, 
to build up and reinforce 
the desired 


oscillations. 
Its ability to do that depends 
on its loop 


gain. First, oscillations 
can occur only at the frequency 


for which the loop gain has a phase angle of 0 degrees. 
Second, 
build-up of oscillations 
will occur only if the 


loop gain exceeds I at that frequency. Build-up continues 
until nonlinearities in the circuit reduce the average value 
of the loop gain to exactly 
I. 


Start-up characteristics 
depend on the small-signal prop- 


erties of the circuit, 
specifically, 
the small-signal 
loop 


gain. Steady-state characteristics 
of the oscillator depend 


on the large-signal 
properties 
of the circuit, such as the 


transfer curve (output voltage vs. input voltage) of the 
amplifier, and the clamping effect of the input protection 
devices. These things will be discussed more fully fur- 
ther on. First we will look at the basic operation 
of a 
particular 
oscillator 
circuit, 
called the "positive 
reac- 
tance" 
oscillator. 


Figure 2 shows the configuration 
of the positive reac- 


tance oscillator. 
The inverting 
amplifier, 
working 
into 


the impedance 
of the feedback 
network, 
produces 
an 


output signal that is nominally 
180 degrees out of phase 


with its input. The feedback 
network must provide an 


additional 
180 degrees phase shift, such that the overall 


loop gain has zero (or 360) degrees phase shift at the 
oscillation 
frequency. 


In order for the loop gain to have zero phase angle it 
is necessary that the feedback element '4 have a positive 


reactance. 
That is, it must be inductive. 
Then, the fre- 
quency at which the phase angle is zero is approximately 
the frequency 
at which 


+1 
X 
-- 
r - 
wC 


where Xr is the reactance 
of Zr (the total Zr being Rr 
+ jXr, and C is the series combination 
of CX1 and CX2' 


CXlCX2 
C=--- 
CXl + CX2 


In other words, '4 and C form a parallel resonant circuit. 


If '4 is an inductor, 
then Xr = wL, and the frequency 


at which the loop gain has zero phase is the frequency 
at which 


I 


VLC 


Normally, '4 is not an inductor, 
but it must still have 
a positive reactance in order for the circuit to oscillate. 
There are some piezoelectric 
devices on the market that 
show a positive reactance, 
and provide a more stable 
oscillation frequency than an inductor will. Quartz crys- 
tals can be used where the oscillation frequency is crit- 
ical, 
and lower cost ceramic 
resonators 
can be used 
where the frequency 
is less critical. 


When the feedback 
element 
is a piezoelectric 
device, 


this circuit configuration 
is called a Pierce oscillator. 


The advantage 
of piezoelectric 
resonators 
lies in their 
property of providing a wide range of positive reactance 
values over a very narrow 
range of frequencies. 
The 
reactance will equal IIwC at some frequency within this 
range, 
so the oscillation 
frequency 
will be within the 
same range. Typically, 
the width of this range is only 
.3% of the nominal frequency 
of a quartz crystal, 
and 
about 3% of the nominal frequency 
of a ceramic reso- 
nator. With relatively little design effort, frequency ac- 
curacies of .03% or better can be obtained with quartz 
crystals, 
and .3% or better with ceramic resonators. 


The crystal resonator is a thin slice of quartz sandwiched 
between two electrodes. 
Electrically, 
the device looks 
pretty much like a 5 or 6 pF capacitor, except that over 
certain ranges of frequencies 
the crystal has a positive 
(Le., inductive) reactance. 


The ranges of positive reactance originate in the piezo- 
electric property of quartz: Squeezing the crystal gener- 


ates an internal E-field. The effect is reversible: Apply- 
ing an E-field causes a mechanical deflection. Applying 
an AC E-field causes the crystal to vibrate. 
At certain 
vibrational frequencies there is a mechanical resonance. 
As the E-field frequency 
approaches 
a frequency 
of 
mechanical 
resonance, 
the measured 
reactance 
of the 
crystal becomes positive, 
as shown in Figure 3. 
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Typically there are several ranges of frequencies wherein 
the reactance of the crystal is positive. 
Each range cor- 
responds to a different mode of vibration in the crystal. 
The main resonances 
are the so-called fundamental 
re- 
sponse and the third and fifth overtone responses. 


The overtone responses shouldn't 
be confused with the 
harmonics of the fundamental. 
They're 
not harmonics, 


but different vibrational 
modes. They're 
not in general 
at exact integer multiples of the fundamental frequency. 
There will also be "spurious" 
responses, occurring typ- 
ically a few hundred KHz above each main response. 


To assure that an oscillator 
starts in the desired mode 
on power-up, 
something 
must be done to suppress the 
loop gain in the undesired frequency ranges. The crystal 
itself provides some protection against unwanted modes 
of oscillation; 
too much resistance 
in that mode, 
for 
example. Additionally, junction capacitances 
in the am- 
plifying devices tend to reduce the gain at higher fre- 
quencies, 
and thus may discriminate 
against unwanted 
modes. In some cases a circuit fix is necessary, such as 
inserting a trap, a phase shifter, or ferrite beads to kill 
oscillations 
in unwanted modes. 


Crystal 
Parameters 


EqUivalent 
Circuit 
Figure 4 shows an equivalent 
circuit 
that is used to 
represent the crystal for circuit analysis. 


The R,-L,-C, 
branch is called the motional arm of the 
crystal. The values of these parameters derive from the 
mechanical properties of the crystal and are constant for 
a given mode of vibration. 
Typical values for various 
nominal frequencies 
are shown in Table I. 
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Figure 
4 - 
Quartz 
Crystal: 
Symbol 
and Equivalent 
Circuit 


Co is called the shunt capacitance 
of the crystal. 
This 
is the capacitance 
of the crystal's 
electrodes 
and the 
mechanical holder. If one were to measure the reactance 
of the crystal at a frequency 
far removed from a reso- 
nance frequency, 
it is the reactance 
of this capacitance 
that would be measured. 
It's normally 3 to 7 pF. 


frequency 
R, 
L, 
C, 
Co 
MHz 
ohms 
mH 
pF 
pF 


2 
100 
520 
.012 
4 


4.608 
36 
117 
.010 
2.9 


11.25 
19 
8.38 
.024 
5.4 


The series resonant frequency 
of the crystal is the fre- 
quency at which L, and C, are in resonance. 
This fre- 
quency is given by 


f = 
I 


s 
21T YLIC, 


At this frequency 
the impedance 
of the crystal is R, in 
parallel with the reactance 
of Co. For most purposes, 


this impedance is taken to be just R I' since the reactance 
of Co is so much larger than R,. 


A crystal oscillator 
circuit such as the one shown in 
Figure 2 (redrawn in Figure 5) operates at the frequency 
for which 
the 
crystal 
is antiresonant 
(ie, 
parallel- 
resonant) 
with the total capacitance 
across the crystal 
terminals external to the crystal. 
This total capacitance 
external to the crystal is called the load capacitance. 


As shown in Figure 5, the load capacitance 
is given by 


Cx, CX2 
CL = C 
C 
+ Cstray 


XI + 
X2 


The crystal manufacturer 
needs to know the value of CL 
in order to adjust the crystal to the specified frequency. 


CL 
r--------------------l 
I 
! 
----------~~~----------- 
~ 
I 
cx, 
Cn 
I 
l 
I 
:I: 
) 
: 
I 
"::" 
I 
~--------------------~ 
CRYSTAL 
1---------~:---------V 


I 
R, 
L, 
C, 
I 
I 
I 
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I 
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~ 


The adjustment 
involves 
putting 
the crystal 
in series 
with the specified CL, and then "trimming" 
the crystal 


to obtain 
resonance 
of the series combination 
of the 


crystal and CL at the specified frequency. Because of the 
high Q of the crystal, 
the resonant 
frequency 
of the 


series combination 
of the crystal and CL is the same as 


the antiresonant 
frequency 
of the parallel 
combination 


of the crystal and CL. This frequency 
is given by 


f 
= 
I 


a 
2 1T VL,C, 
(CL + Co)/(C, + CL + Co) 


These frequency 
formulas are derived (in Appendix I) 


from the equivalent 
circuit of the crystal, 
using the as- 


sumptions 
that the Q of the crystal is extremely 
high, 
and that the circuit external to the crystal has no effect 
on the frequency 
other than to provide the load capac- 


itance CL. The latter assumption 
is not precisely true, 
but it is close enough for present purposes. 


There 
is no such thing as a "series 
cut" 
crystal 
as 


opposed to a "parallel 
cut" 
crystal. There are different 


cuts of crystal, having to do with the parameters 
of its 
motional arm in various frequency ranges, 
but there is 
no special cut for series or parallel operation. 


An oscillator 
is series resonant 
if the oscillation 
fre- 
quency is fs of the crystal. 
To operate the crystal at fs' 
the amplifier 
has to be noninverting. 
When buying a 


crystal for such an oscillator, one does not specify a load 
capacitance. 
Rather, one specifies the loading condition 
as 
U series. " 


If a "series" 
crystal is put into an oscillator that has an 


inverting amplifier, it will oscillate in parallel resonance 
with the load capacitance 
presented to the crystal by the 


oscillator 
circuit, 
at a frequency 
slightly 
above fs' 
In 
fact, at approximately 


fa = fs ( 
1 + 
C C, 
C 
) 
2 ( 
L + 
0) 


This frequency 
would typically be about 0.02% above 


fs' 


The .•series resistance" 
often listed on quartz crystal 
data sheets is the real part of the crystal impedance 
at 
the crystal's 
calibration 
frequency. 
This will be RI if 
the calibration frequency is the series resonant frequency 
of the crystal. 
If the crystal 
is calibrated 
for parallel 
resonance 
with a load capacitance 
CL, the equivalent 
series resistance will be 


The crystal manufacturer 
measures this resistance at the 


calibration frequency during the same operation in which 
the crystal is adjusted to the calibration 
frequency. 


Frequency tolerance as discussed here is not a require- 
ment on the crystal, but on the complete oscillator. There 
are two types of frequency 
tolerances 
on oscillators: 
frequency accuracy and frequency stability. Frequency 
accuracy 
refers to the oscillator's 
ability to run at an 
exact specified frequency. 
Frequency 
stability refers to 
the constancy of the oscillation 
frequency. 


Frequency 
accuracy 
requires mainly that the oscillator 
circuit present to the crystal the same load capacitance 
that it was adjusted 
for. Frequency 
stability 
requires 


mainly that the load capacitance 
be constant. 


In most digital applications 
the accuracy 
and stability 


requirements 
on the oscillator are so wide that it makes 


very little difference 
what load capacitance 
the crystal 
was adjusted 
to, or what load capacitance 
the circuit 


actually presents to the crystal. For example, if a crystal 
was calibrated 
to a load capacitance 
of 25 pF, and is 


used in a circuit whose actual load capacitance is 50 pF, 
the frequency error on that account would be less than 
0.01%. 


In a positive reactance oscillator, the crystal only needs 
to be in the intended response 
mode for the oscillator 
to satisfy a 0.5% or better frequency tolerance. 
That's 


because 
for any load capacitance 
the oscillation 
fre- 
quency is certain to be between the crystal's 
resonant 
and antiresonant 
frequencies. 


Phase shifts that take place within the amplifier part of 
the oscillator 
will also affect frequency 
accuracy 
and 


stability. These phase shifts can normally 
be modeled 


as an "output 
capacitance" 
that, in the positive reac- 
tance oscillator, 
parallels 
CX2' 
The predictability 
and 


constancy 
of this output capacitance 
over temperature 
and device sample will be the limiting factor in deter- 
mining 
the tolerances 
that the circuit 
is capable 
of 
holding. 


Drive level refers to the power dissipation in the crystal. 
There are two reasons for specifying 
it. One is that the 
parameters 
in the equivalent 
circuit are somewhat 
de- 
pendent on the drive level at which the crystal is cali- 
brated. The other is that if the application circuit exceeds 
the test drive level by too much, 
the crystal 
may be 
damaged. 
Note that the terms "test 
drive level" 
and 


"rated drive level" both refer to the drive level at which 
the crystal is calibrated. 
Normally, in a microcontroller 


system, neither the frequency 
tolerances nor the power 
levels justify much concern for this specification. 
Some 


crystal manufacturers 
don't 
even require it for micro- 
processor crystals. 


In a positive 
reactance 
oscillator, 
if one assumes 
the 
peak voltage across the crystal to be something 
in the 
neighborhood 
of Vce, the power dissipation can be ap- 
proximated 
as 


P = 2R,[".f (CL + Co) VCcJ2 


This formula is derived in Appendix I. In a 5V system, 
P rarely evaluates 
to more than a milliwatt. 
Crystals 
w;th a standard I or 2 mW drive level rating can be used 
in most digital systems. 
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Figure 
6 - 
Ceramic 
Resonator 
Impedance 
vs. 
Frequency 
(Test Data Supplied 
by 
NTK Technical 
Ceramics) 


Ceramic resonators operate on the same basic principles 
as a qUarlZ crystal. 
Like 
qUarlZ crystals, 
they 
are 


piezoelectric, 
have a reactance 
versus frequency 
curve 


similar 
to a crystal's, 
and an equivalent 
circuit 
that 


looks just 
like a crystal's 
(with 
different 
parameter 


values, however). 


The frequency tolerance of a ceramic resonator is about 
two orders of magnitude wider than a crystal's, 
but the 


ceramic is somewhat cheaper than a crystal. It may be 
noted for comparison 
that qUarlZ crystals with relaxed 


tolerances 
cost about twice as much as ceramic reso- 


nators. For purposes of clocking 
a microcontroller, 
the 


frequency 
tolerance 
is often relatively 
noncritical, 
and 


the economic 
consideration 
becomes 
the dominant 


factor. 


Figure 6 shows a graph of impedance 
magnitude versus 


frequency for a 3. 58MHz ceramic resonator. (Note that 
Figure 6 is a graph of /ZJ versus frequency, 
whereas 


Figure 3 is a graph of Xc versus frequency.) 
A number 


of spurious 
responses 
are apparent 
in Figure 
6. The 


manufacturers 
state that spurious 
responses 
are more 


prevalent in the lower frequency resonators (kHz range) 
than in the higher frequency units (MHz range). For our 
purposes 
only the MHz 
range 
ceramics 
need to be 
considered. 
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Figure 
7 - 
Ceramic 
Resonator: 
Symbol 
and Equivalent 
Circuit 


Figure 7 shows the symbol and equivalent circuit for the 
ceramic resonator, both of which are the same as for the 
crystal. The parameters have different values, however, 
as listed in Table 2. 


frequency 
R1 
L1 
C1 
Co 
MHz 
ohms 
mH 
pF 
pF 


3.58 
7 
.113 
19.6 
140 


6.0 
8 
.094 
8.3 
60 


8.0 
7 
.092 
4.6 
40 


11.0 
10 
.057 
3.9 
30 


Note that the motional 
arm of the ceramic 
resonator 
tends to have less resistance than the quartz crystal and 
also a vastly reduced 
L1/C1 ratio. This results in the 
motional arm having a Q (given by (1/R1) 
VL1/C1) 
that 
is typically two orders of magnitude 
lower than that of 
a quartz crystal. The lower Q makes for a faster start- 
up of the oscillator 
and for a less closely 
controlled 
frequency 
(meaning that circuitry external to the reso- 
nator will have more influence 
on the frequency 
than 
with a quartz crystal). 


Another 
major difference 
is that the shunt capacitance 
of the ceramic resonator is an order of magnitude higher 
than Co of the quartz crystal and more dependent on the 
frequency 
of the resonator. 


The implications of these differences are not all obvious, 
but some will be indicated in the section on Oscillator 
Calculations. 


Ceramic resonators are easier to specify than quartz crys- 
tals. All the vendor wants to know is the desired fre- 
quency and the chip you want it to work with. They'll 
supply the resonators, 
a circuit diagram 
showing 
the 
positions 
and values of other external components 
that 
may be required 
and a guarantee 
that the circuit will 
work properly at the specified frequency. 


Designers of microcontroller 
systems have a number of 
options 
to choose from for clocking 
the system. 
The 
main decision is whether to use the "on-chip" 
oscillator 
or an external oscillator. 
If the choice is to use the on- 
chip oscillator, 
what kinds of external components 
are 
needed to make it operate as advertised? 
If the choice 
is to use an external oscillator, 
what type of oscillator 
should it be? 


The decisions 
have to be based on both economic 
and 
technical 
requirements. 
In this section 
we'll 
discuss 
some of the factors that should be considered. 


XTALl 
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In most cases, the on-chip amplifier with the appropriate 
external components 
provides the most economical 
so- 
lution to the clocking 
problem. 
Exceptions 
may arise 
in severe environments 
when frequency 
tolerances 
are 
tighter than about 0.01%. 


The external components 
that need to be added are a 
positive reactance 
(normally a crystal or ceramic reso- 
nator) and the two capacitors 
CX1 and CX2' as shown 
in Figure 8. 


Specifications 
for an appropriate 
crystal 
are not very 
critical, unless the frequency is. Any fundamental-mode 
crystal of medium or better quality can be used. 


We are often asked what maximum 
crystal resistance 
should be specified. The best answer to this question is 
the lower the beller, but use what's available. The crystal 
resistance 
will have some effect on start-up 
time and 
steady-state amplitude, 
but not so much that it can't be 
compensated 
for by appropriate 
selection of the capac- 
itances CX1 and CX2' 


Similar questions are asked about specifications 
of load 
capacitance 
and shunt capacitance. 
The best advice we 
can give is to understand 
what these parameters 
mean 
and how they affect the operation 
of the circuit (that 
being the purpose of this Application 
Note), and then 
decide for yourself if such specifications 
are meaningful 
in your application or not. Normally, they're not, unless 
your frequency 
tolerances 
are tighter than about 0.1 %. 


Part of the problem 
is that crystal 
manufacturers 
are 
accustomed to talking "ppm" 
tolerances with radio en- 
gineers and simply won't 
take your order until you've 
filled out their list of specifications. 
It will help if you 
define your 
actual 
frequency 
tolerance 
requirements, 


both for yourself and to the crystal manufacturer. 
Don't 
pay for 0.003% 
crystals 
if your actual frequency 
tol- 
erance is 1%. 


The oscillation 
frequency 
is determined 
99.5% by the 
crystal and up to about 0.5% by the circuit external to 
the crystal. The on-chip amplifier has little effect on the 
frequency, which is as it should be, since the amplifier 
parameters 
are temperature 
and process dependent. 


The influence of the on-chip amplifier on the frequency 
is by means of its input and output (pin-to-ground) 
ca- 
pacitances, which parallel CX1and CX2' and the XTALI- 
to-XTAL2 (pin-to-pin) 
capacitance, 
which parallels the 
crystal. The input and pin-to-pin capacitances 
are about 
7 pF each. Internal phase deviations 
from the nominal 
1800 can be modeled as an output capacitance 
of 25 to 
30 pF. These deviations 
from the ideal have less effect 


in the positive reactance 
oscillator 
(with the inverting 
amplifier) than in a comparable series resonant oscillator 
(with the non inverting amplifier) for two reasons: first, 
the effect of the output capacitance 
is lessened, 
if not 
swamped, 
by the off-chip capacitor; secondly, the pos- 
itive reactance 
oscillator 
is less sensitive, 
frequency- 
wise, to such phase errors. 


Optimal values for the capacitors 
CXl and CX2 depend 
on whether a quartz crystal or ceramic resonator is being 
used, and also on application-specific 
requirements 
on 
start-up time and frequency 
tolerance. 


Start-up time is sometimes 
more critical in microcon- 
troller systems than frequency stability, because of var- 
ious reset and initialization 
requirements. 


Less commonly, accuracy of the oscillator frequency is 
also critical, 
for example, 
when the oscillator 
is being 
used as a time base. As a general rule, fast start-up and 
stable frequency 
tend to pull the oscillator 
design 
in 
opposite directions. 


Considerations 
of both start-up time and frequency sta- 
bility over temperature 
suggest that CXl and CX2 should 
be about equal and at least 20 pF. (But they don't have 
to be either.) Increasing 
the value of these capacitances 
above some 40 or 50 pF improves frequency 
stability. 
It also tends to increase 
the start-up time. There is a 
maximum value (several hundred pF, depending on the 
value of Rl of the quartz or ceramic resonator) 
above 
which the oscillator won't start up at all. 


If the on-chip amplifier is a simple inverter, such as in 
the 8051, the user can select values for CXl and CX2 
between 
some 20 and I()() pF, depending 
on whether 
start-up time or frequency 
stability is the more critical 
parameter 
in a specific application. 
If the on-chip am- 
plifier is a Schmitt Trigger, such as in the 8048, smaller 
values of CXl must be used (5 to 30 pF), in order to 
prevent the oscillator from running in a relaxation mode. 


Later sections in this Application 
Note will discuss the 
effects of varying CXl and CX2 (as well as other param- 
eters), and will have more to say on their selection. 


Placement 
of Components 
Noise glitches arriving at the XTALI 
or XTAL2 pins 
at the wrong time can cause a miscount in the internal 
clock-generating 
circuitry. These kinds of glitches can 
be produced 
through capacitive 
coupling 
between the 
oscillator components 
and PCB traces carrying digital 
signals with fast rise and fall times. For this reason, the 
oscillator 
components 
should be mounted close to the 
chip 
and 
have 
short, 
direct 
traces 
to the 
XTALl, 
XTAL2, and VSS pins. 


Clocking 
Other Chips 
There are times when it would be desirable to use the 
on-chip oscillator 
to clock other chips in the system. 
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Figure 9 - 
Using the On-Chip 
Oscillator 
to Drive Other Chips 


This can be done if an appropriate 
buffer is used. A 
TTL buffer puts too much load on the on-chip amplifier 
for reliable 
start-up. 
A CMOS 
buffer 
(such 
as the 


74HC04) can be used, if it's fast enough and if its VIH 
and VIL specs are compatible 
with the available signal 
amplitudes. 
Circuits such as shown in Figure 9 might 
also be considered 
for these types of applications. 


Clock -related signals are available at the TO pin in the 
MCS-48 products, 
at ALE in the MCS-48 and MCS-51 
lines, and the iACX-96 controllers provide a CLKOUT 
signal. 


When technical 
requirements 
dictate the use of an ex- 
ternal oscillator, the external drive requirements 
for the 


microcontroller, 
as published in the data sheet, must be 


carefully noted. The logic levels are not in general TIL- 
compatible. 
And each controller 
has its idiosyncracies 


in this regard. The 8048, for example, requires that both 
XTALI and XTAL2 be driven. The 8051 can be driven 
that way, but the data sheet suggest the simpler method 
of grounding 
XTALI 
and driving 
XTAL2. 
For this 


method, the driving source must be capable of sinking 
some current when XTAL2 is being driven low. 


For the external oscillator itself, there are basically two 
choices: ready-made 
and home-grown. 


TTL Crystal Clock Oscillator 


The HS-100, HS-200, & HS-500 all·metal package 
series of oscillators are TTl compatible 
& fit a DIP 
layout. Standard electrical specifications are shown 
below. Variations are available for special applications. 


Frequency 
Range: 
HS-100 - 
3.5 MHz to 30 MHz 
HS-200 - 
225 Khz to 3.5 MHz 
HS-500 - 
25 MHz to 60 MHz 


Frequency 
Tolerance: 
:!: .01% Overall 0-70· C 


Hermetically 
sealed 
Package 
Mass spectrometer 
leak rate max. 


1 x 10-8 atmos. cc/sec. of helium 


INPUT 


HS-100 
HS-200 
HS-500 


3.5 MHz 
- 20 MHz 
20+ 
MHz 
- 30 MHz 
225 KHz· 
4.0 MHz 
25 MHz 
- 60 MHz 


Supply 
Voltage 
(Vee) 
5V 
~ 
10% 
5V:!: 
10% 
5V", 
10% 
5V::!: 5% 


Supply 
Current 


(led 
max. 
30mA 
40mA 
85m A 
50mA 


OUTPUT 


HS-100 
HS-200 
HS-500 


3.5 MHz 
- 20 MHz 
20+ 
MHz· 
30 MHz 
225 KHz· 
4.0 MHz 
25 MHz 
- 60 MHz 


VOH 
(Logic 
"1") 
+2.4V 
min.' 
+2.7V 
min.2 
+2.4V 
min.' 
+ 2.7V 
mln.2 


VOL 
(Logic 
··0") 
+0.4V 
max.' 
+O.5V 
max.4 
+O.4V 
max.' 
+O.5V 
max.4 


Symmetry 
60/40%5 
60/40%' 
55/45%5 
60/40%' 


lR. 
TF (Rise 
& 
Fall Time) 
< 10ns6 
< 5ns6 
< 15ns6 
< 5ns6 


Output 
Short 
Circuit 
Current 
18mA 
min. 
40mA 
min. 
18mA 
min. 
40mA 
min. 


Output 
Load 
1 to 10 TIL 
Loads' 
1 to 10 TIL 
Loads' 
1 to 10 TIL 
Loads' 
1 to 10 TIL 
Loads' 


CONDITIONS 


110 source 
'= - 
400~A 
max 
410 sInk 
~ 
20 OmA 
max 
'1 6mA per load 


210source ~ - 1 OmA max 
sVo 
-= 
14V 
820mA per load 


310 sInk 
'"' 
16.0mA 
max 
'(O.4V 
10 24V) 


Prepackaged 
oscillators are available from most crystal 
manufacturers, 
and have the advantage that the system 
designer can treat the oscillator 
as a black box whose 
performance 
is guaranteed 
by people who carry many 


years of experience in designing and building oscillators. 
Figure 10 shows a typical data sheet for some prepack· 
aged oscillators. 
Oscillators are also available with com· 
plementary 
outputs. 


If the oscillator 
is to drive the microcontroller 
directly, 
one will want to make a careful comparison between the 
external drive requirements 
in the microcontroller 
data 


sheet and the oscillator's 
output logic levels and test 


conditions. 
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may prefer to go with an in·house design. 
Not without 
some precautions, 
however. 


It's easy to design oscillators 
that work. Almost all of 
them do work, even if the designer 
isn't too clear on 
why. The key point here is that almost all of them work. 
The problems begin when the system goes into produc· 
tion, and marginal units commence 
malfunctioning 
in 
the field. Most digital designers, 
after all, are not very 


adept at designing oscillators for production. 


Oscillator design is somewhat 
of a black art, with the 
quality of the finished product being very dependent on 
the designer's 
experience 
and intuition. For that reason 
the most important consideration 
in any design is to have 
an adequate preproduction 
test program. 
Preproduction 
tests are discussed later in this Application 
Note. Here 
we will discuss some of the design options and take a 
look at some commonly 
used configurations. 


Digital systems designers 
are understandably 
reluctant 


to get involved with discrete devices and their peculiari- 
ties (biasing techniques, 
etc.). Besides, the component 
count for these circuits tends to be quite a bit higher 
than what a digital designer 
is used to seeing for that 
amount of functionality. 
Nevertheless, 
if there are un- 


usual requirements 
on the accuracy and stability of the 
clock frequency, it should be noted that discrete device 
oscillators can be tailored to suit the exact needs of the 
application 
and perfected 
to a level that would be dif- 
ficult for a gate oscillator to approach. 


In most cases, when an external oscillator is needed, the 
designer tends to rely on some form of a gate oscillator. 
A TIL 
inverter with a resistor connecting the output to 
the input makes a suitable inverting amplifier. The re- 
sistor holds the inverter in the transition region between 
logical high and low, so that at least for start-up purposes 
the inverter is a linear amplifier. 


The feedback resistance 
has to be quite low, however, 
since it must conduct current sourced by the input pin 
without allowing 
the DC input voltage to get too far 


above the DC output voltage. For biasing purposes, the 
feedback 
resistance 
should not exceed a few k-ohms. 


1· 01/-,1 


But shunting the crystal with such a low resistance does 
not encourage 
start-up. 


Consequently, 
the configuration 
in Figure IIA might be 


suggested. 
By breaking 
Rf into two parts 
and AC- 


grounding the midpoint, 
one achieves the DC feedback 


required 
to hold the inverter 
in its active region, 
but 


without the negative 
signal feedback 
that is in effect 


telling the circuit not to oscillate. 
However, this biasing 


scheme will increase the start-up time, and relaxation- 
type oscillations 
are also possible. 


A CMOS 
inverter, 
such as the 74HC04, 
might work 


better in this application, 
since a larger Rf can be used 


to hold the inverter in its linear region. 


Logic gates tend to have a fairly low output resistance, 
which destabilizes 
the oscillator. 
For that reason a re- 


sistor Rx is often added to the feedback 
network, 
as 


shown in Figure 
II A and B. At higher frequencies 
a 


20 or 30 pF capacitor 
is sometimes 
used in the Rx 


position, 
to compensate 
for some of the internal prop- 
agation delay. 


Reference 
I contains 
an excellent 
discussion 
of gate 


oscillators, 
and a number of design examples. 


Fundamental 
versus Overtone 
Operation 


It's easier to design an oscillator circuit to operate in the 
resonator's 
fundamental 
response 
mode than to design 
one for overtone operation. 
A quartz crystal whose fun- 


damental 
response mode covers the desired frequency 


can be obtained 
up to some 30 MHz. For frequencies 


above that, the crystal might be used in an overtone 
mode. 


Several 
problems 
arise in ihe design 
of an overtone 
oscillator. One is to stop the circuit from oscillating 
in 


the fundamental 
mode, which is what it would really 


rather do, for a number of reasons, 
involving both the 


amplifying device and the crystal. 
An additional prob- 


lem with overtone 
operation 
is an increased 
tendency 


to spurious oscillations. That is because the R) of various 
spurious modes is likely to be about the same as R) of 
the intended overtone response. 
It may be necessary, as 


suggested 
in reference 
I, to specify 
a "spurious-to- 


main-response" 
resistance ratio to avoid the possibility 


of trouble. 


Overtone 
oscillators 
are not to be taken lightly. One 


would be well advised to consult with an engineer who 
is knowledgeable 
in the subject during the design phase 


of such a circuit. 


Series versus Parallel Operation 
Series resonant oscillators 
use non inverting amplifiers. 


To make a noninverting 
amplifier 
out of logic gates 


requires that two inverters be used, as shown in Figure 
12. 


in frequency 
over variations 
in temperature 
and VCC. 
It has a tendency to oscillate at overtones, and to oscillate 
through Co of the crystal or some stray capacitance rather 
than as controlled 
by the mechanical 
resonance 
of the 


crystal. 


The demon 
in series resonant 
oscillators 
is the phase 


shift in the amplifier. The series resonant oscillator wants 
more than just a "noninverting" 
amplifier - 
it wants 


a zero phase-shift 
amplifier. 
Multistage 
noninverting 


amplifiers 
tend to have a considerably 
lagging 
phase 


shift, such that the crystal reactance must be capacitive 
in order to bring the total phase shift around the feedback 
loop back up to O. In this mode, a "12 MHz" 
crystal 


may be running at 8 or 9 MHz. One can put a capacitor 
in series with the crystal to relieve the crystal of having 
to produce all of the required phase shift, and bring the 
oscillation 
frequency 
closer to fs. However, 
to further 


complicate 
the situation, 
the amplifier's 
phase shift is 


strongly 
dependent 
on frequency, 
temperature, 
VCC, 
and device sample. 


Figure 12 - 
"Series 
Resonant" 


Gate Oscillator 


Positive reactance oscillators 
("parallel 
resonant") 
use 


inverting amplifiers. 
A single logic inverter can be used 


for the amplifier, as in Figure I I. The amplifier's 
phase 


shift is less critical, 
compared 
to the series resonant 


circuit, and since only one inverter is involved there's 
less phase error anyway. The oscillation 
frequency 
is 


effectively 
bounded 
by the resonant 
and antiresonant 


frequencies ofthe crystal itself. In addition, the feedback 
network includes capacitors 
that parallel the input and 


output terminals of the amplifier, thus reducing the effect 
of unpredictable 
capacitances 
at these points. 


MORE ABOUT USING THE "ON-CHIP" 
OSCILLATORS 


In this section we will describe the on-chip inverters on 
selected 
microcontrollers 
in some detail, 
and discuss 


criteria 
for selecting 
components 
to work with them. 


Future data sheets will supplement 
this discussion with 
updates 
and information 
pertinent 
to the use of each 


chip's oscillator circuitry. 


Oscillator design, though aided by theory, is still largely 
an empirical exercise. 
The circuit is inherently nonlin- 
ear, and the normal analysis parameters 
vary with in- 
stantaneous voltage. In addition, when dealing with the 
on-chip circuitry, we have FETs being used as resistors, 
resistors being used as interconnects, 
distributed delays, 


input protection 
devices, 
parasitic junctions, 
and pro- 
cessing variations. 


Consequently, 
oscillator calculations 
are never very pre- 
cise. They can be useful, however, if they will at least 
indicate the effects of variations in the circuit parameters 
on start-up time, oscillation frequency, and steady-state 
amplitude. 
Start-up time, for example, 
can be taken as 


an indication of start-up reliability. If preproduction 
tests 


indicate a possible start-up problem, 
a relatively 
inex- 
perienced designer can at least be made aware of what 


A) 8051-type 
circuit 
configuration 
during 
start-up. 
(Excludes 


Input protection 
davlces.) 
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Figure 13 - 
Oscillator 
Circuit 
Model 
Used In Start-Up 
Calculations 
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direction to go in to fix it. 


The analysis used here is mathematically 
straightforward 
but algebraically 
intractable. 
That means it's relatively 
easy to understand and program into a computer, 
but it 
will not yield a neat formula that gives, say, steady-state 
amplitude as a function of this or that list of parameters. 
A listing of a BASIC program that implements the anal- 
ysis will be found in Appendix II. 


When the circuit 
is first powered 
up, and before the 
oscillations have commenced 
(and if the oscillations/ail 
to commence), 
the oscillator 
can be treated as a small 
signal linear amplifier with feedback. In that case, stan- 
dard small-signal 
analysis 
techniques 
can be used to 
determine 
start-up 
characteristics. 
The circuit 
model 
used in this analysis is shown in Figure 13. 


The 
circuit 
approximates 
that 
there 
are 
no 
high- 


frequency 
effects within the amplifier itself, such that 
its high-frequency 
behavior 
is dominated 
by the load 
impedance 
ZL' This is a reasonable 
approximation 
for 


single-stage 
amplifiers 
of the type used in 805 I-type 


devices. Then the gain of the amplifier as a function of 
frequency is 


4.607 
4.608 
4.609 
1-1kHz--J 


Figure 14 - 
Loop Gain versus Frequency 
(4.608 MHz Crystal) 


The gain of the feedback network is 


_Z_i_ 
Zi + Zr 


f3A= _1_. 
A.;zL 
Zi+Zr 
ZL+RO 


The impedances 
ZL' Zr, and Zi are defined in Figure 


l3B. 


Figure 14 shows the way the loop gain thus calculated 
(using typical 80SI-type 
parameters 
and a 4.608 MHz 


crystal) varies with frequency. The frequency of interest 
is the one for which the phase of the loop gain is zero. 
The accepted criterion for start-up is that the magnitude 
of the loop gain must exceed unity at this frequency. 
This is the frequency at which the circuit is in resonance. 
It corresponds 
very closely 
with the antiresonant 
fre- 


quency of the motional 
arm of the crystal 
in parallel 


with CL. 


Figure 15 shows the way the loop gain varies with fre- 
quency 
when the parameters 
of a 3.S8MHz 
ceramic 


resonator 
are used in place of a crystal (the amplifier 
parameters 
being typical 8051, as in Figure 
14). Note 


the different frequency 
scales. 


Figure 15 - 
Loop Gain versus Frequency 
(3.58MHz 
Ceramic) 


It is common, in studies of feedback systems, to examine 
the behavior 
of the closed loop gain as a function 
of 


complex 
frequency 
s = IJ +jw; specifically, 
to deter- 


mine the location of its poles in the complex plane. A 
pole is a point on the complex 
plane where the gain 


function goes to infinity. Knowledge 
of its location can 


be used to predict the response of the system to an input 
disturbance. 


The way that the response function depends on the lo- 
cation of the poles is shown in Figure 16. Poles in the 
left half plane cause the response 
function to take the 


form of a damped sinusoid. Poles in the right half plane 
cause the response function to take the form of an ex- 
ponentially 
growing sinusoid. 
In general, 


v(t) - 
ea'sin(wt +8) 


where a is the real part of the pole frequency. 
Thus if 


the pole is in the right half plane, a is positive and the 
sinusoid 
grows. 
If the pole is in the left half plane, 
a is negative and the sinusoid is damped. 


The same type of analysis can usefully 
be applied to 
oscillators. 
In this case, however, 
rather than trying to 


ensure that the poles are in the left half plane, we would 
seek to ensure that they're 
in the right half plane. An 
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Figure 
16 - 
Do You Know 
Where Your Poles 
are Tonight? 


exponentially growing sinusoid is exactly what is wanted 
from an oscillator that has just been powered up. 


The gain function of interest in oscillators is 1/(1 -I3A). 
Its poles are- at the complex 
frequencies 
where I3A = 


lISt, 
because that value of I3Acauses the gain function 
to go to infinity. The oscillator 
will start up if the real 


part of the pole frequency is positive. More importantly, 
the rate at which it starts up is indicated by how much 
greater than 0 the real part of the pole frequency 
is. 
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Figure 
17 - 
Oscillator 
Start-Up 
(4.608 MHz 
Crystal 
from 
Standard 
Crystal 
Corp.) 


The circuit in Figure BB can be used to find the pole 
frequencies of the oscillator gain function. All that needs 
to be done is evaluate the impedances 
at complex fre- 
quencies 
(J" +jw rather than just at w, and find the value 
of 
(J" +jw for which ~A = I fiX. The larger that value 


of 
(J" is, the faster the oscillator 
will start up. 


Of course, other things besides pole frequencies, 
things 


like the VCC rise time, are at work in determining 
the 


start-up time. But to the extent that the pole frequencies 


Figure 18 - 
Oscillator 
Start-Up (3.58 MHz 
Ceramic Resonator from NTK Technical 
Ceramics.) 


do affect start-up time, we can obtain results like those 
in Figures 17 and 18. 


To obtain these figures, the pole frequencies 
were com- 


puted for various values of capacitance 
Cx from XTALI 
and XTAL2 to ground (thus CX1 = CX2 = Cx). Then 
a "time 
constant" 
for 
start-up 
was 
calculated 
as 


I 
. 
T, = ;;:where 
(J" 
IS the real part of the pole frequency 


(rad/sec), 
and this time constant is plotted versus Cx. 


A short time constant means faster start-up. A long time 
constant 
means slow start-up. 
Observations 
of actual 
start-ups 
are shown in the figures. 
Figure 
17 is for a 


typical 
8051 with a 4.608 
MHz crystal 
supplied 
by 


Standard Crystal Corp., 
and Figure 
18 is for a typical 


8051 with a 3.58MHz 
ceramic 
resonator 
supplied 
by 


NTK Technical Ceramics, 
Ltd. 


It can be seen in Figure 17 that, for this crystal, values 
of Cx between 30 and 50 pF minimize start-up time, but 
that the exact 
value 
in this range 
is not particularly 
important, 
even if the start-up time itself is critical. 


As previously mentioned, 
start -up time can be taken as 


an indication 
of start-up reliability. 
Start-up problems 


are normally 
associated 
with CXI 
and CX2 being too 


small or too large for a given resonator. If the parameters 
of the resonator are known, curves such as in Figure 17 
or 18 can be generated 
to define acceptable 
ranges of 


values for these capacitors. 


As the oscillations grow in amplitude, 
they reach a level 


at which they undergo severe clipping within the ampli- 
fier, in effect reducing the amplifier gain. As the ampli- 
fier gain decreases, 
the poles move towards the jw axis. 


In steady-state, 
the poles are on the jw axis and the 


amplitude of the oscillations 
is constant. 


Steady-State 
Characteristics 


Steady-state 
analysis is greatly complicated 
by the fact 


that we are dealing 
with large signals 
and nonlinear 
circuit response. 
The circuit parameters 
vary with in- 


stantaneous voltage, and a number of clamping and clip- 
ping mechanisms 
come into play. Analyses that take all 
these things into account are too complicated 
to be of 


general use, and analyses that don't take them into ac- 
count are too inaccurate to justify the effort. 


There is a steady-state analysis in Appendix II that takes 
some of the complications 
into account and ignores oth- 
ers. Figure 19 shows the way the steady-state amplitudes 
thus calculated 
(using 
tpica! 
8051 
parameters 
and a 


4.608 
MHz crystal) 
vary with equal bulk capacitance 


placed from XTALI 
and XTAL2 to ground. 
Experi- 


mental results are shown for comparison. 


The waveform at XTALI is a fairly clean sinusoid. 
Its 


negative peak is normally 
somewhat 
below zero, at a 


level which is determined mainly by the input protection 
circuitry at XTALI. 


VOLTS 


6 
1 


C·~XTAL2 
o 
8051 


XTAL1 
= C. 


20 40 
60 
80 100 120 140 


·160 180 200 220 
C.-pF 
VIL.t 
XTAL1 


A) sIgIllII 
l.v.l•• t XTAL 1 
VOLTS 
5 
c.lculB1Bd 


• 
experlment.1 


point. 


Figure 
19 - 
Calculated 
and Experimental 
Steady-State 
Amplitudes 
vs. Bulk Capacitance 
from 
XTAL 1 and XTAL2 to ground. 


The input protection 
circuitry consists of an ohmic re- 
sistor and an enhancement-mode 
FET with the gate and 
source connected 
to ground (VSS), as shown in Figure 
20 for the 8051, 
and in Figure 
21 for the 8048. 
Its 
function is to limit the positive 
voltage at the gate of 
the input FET to the avalanche 
voltage 
of the drain 
junction. 
If the input pin is driven below VSS, the drain 
and source of the protection 
FET interchange 
roles, so 
its gate is connected 
to what is now the drain. In this 
condition the device resembles 
a diode with the anode 
connected to VSS. 


There is a parasitic pn junction 
between the ohmic re- 
sistor and the substrate. In the ROM parts (8051,8048, 
etc.) the substrate is held at approximately 
- 3V .by the 
on-chip back-bias generator. In the EPROM parts (8751, 
8748, etc.) the substrate is connected 
to VSS .. 


The effect of the input protection 
circuitry 
on the os- 
cillator is that if the XTALI 
signal goes negative, 
its 
negative 
peak is clamped 
to - Vos of the protection 
FET in the ROM 
parts, 
and to about 
- .5V in the 
EPROM parts. These negative voltages on XTALI are 
in this application 
self-limiting 
and nondestructive. 


The clamping action does, however, raise the DC level 
at XTALI, 
which in turn tends to reduce the positive 
peak at XTAL2. The waveform at XTAL2 resembles 
a 
sinusoid riding on a DC level, and whose negative peaks 
are clipped off at zero. 


Since it's normally 
the XTAL2 signal that drives the 
internal clocking circuitry, the question natural!y arises 
as to how large this signal must be to reliably do its job. 
In fact, the XTAL2 signal doesn't have to meet the same 
VIH and VIL specifications that an external driver would 
have to. That's because as long as the oscillator is work- 
ing, the on-chip amplifier 
is driving 
itself through 
its 
own O-to-I transition 
region, 
which is very nearly the 
same as the O-to-I transition region in the internal buffer 
that follows the oscillator. If some processing variations 
move the transition 
level higher or lower, the on-chip 
amplifier tends to compensate 
for it by the fact that its 
own transition level is correspondingly 
higher or lower. 
(In the 8096, it's the XTALI 
signal that drives the in- 
ternal clocking circuitry, but the same concept applies.) 


The main concern about the XTAL2 signal amplitude 
is as an indication of the general health of the oscillator. 
An amplitude of less than about 2.5V peak-to-peak 
in- 
dicates that start-up 
problems 
could develop 
in some 
units (with low gain) with some crystals (with high R,). 
The remedy is to either adjust the values of Cx, and/or 
CX2 or use a crystal with a lower R,. 


The amplitudes 
at XTALI and XTAL2 can be adjusted 
by changing the ratio of the capacitors from XTAL I and 
XTAL2 to ground. Increasing 
the XTAL2 capacitance, 
for example, 
decreases 
the amplitude 
at XTAL2 and 
increases 
the amplitude 
at XTALI 
by about the same 
amount. Decreasing both caps increases both amplitudes. 


Internal 
pin-to-ground 
and pin-to-pin 
capacitances 
at 
XTALI 
and XTAL2 will have some effect on the os- 
cillator. These capacitances 
are normally taken to be in 
the range of 5 to 10 pF, but they are extremely difficult 
to evaluate. 
Any measurement 
of one such capacitance 
will necessarily 
include 
effects 
from the others. 
One 
advantage of the positive reactance oscillator is that the 
pin-to-ground 
capacitances 
are paralleled 
by external 
bulk capacitors, so a precise determination 
of their value 
is unnecessary. 
We would 
suggest 
that there is little 
justification 
for more precision 
than to assign them a 
value of? pF (XTALI-to-ground 
and XTALI-to-XTAL2). 
This value is probably not in error by more than 3 or 
4 pF. 


The XTAL2-to-ground 
capacitance 
is not entirely "pin 
capacitance," 
but more like an "equivalent 
output ca- 
pacitance" 
of some 25 to 30 pF, having to include the 
effect of internal phase delays. This value will vary to 
some extent with temperature, processing, and frequency. 


The on-chip amplifier on the HMOS MCS-51 family is 
shown 
in Figure 
20. 
The 
drain 
load 
and feedback 


"resistors" 
are seen to be field-effect 
transistors. 
The 
drain load FET, RD, is typically equivalent 
to about Ik 
to 3k-ohms. 
As an amplifier, the low frequency voltage 


gain is normally between 
-10 
and - 20, and the output 
resistance is effectively 
RD. 


The 8051 oscillator 
is normally 
used with equal bulk 


capacitors placed externally from XTALI to ground and 
from XTAL2 to ground. To determine a reasonable value 
of capacitance 
to use in these positions, 
given a crystal 
or ceramic resonator of known parameters, 
one can use 
the BASIC analysis in Appendix 
11to generate curves 


such as in Figures 17 and 18. This procedure will define 
a range of values that will minimize start-up time. We 
don't 
suggest 
that smaller 
values 
be used than those 
which minimize start-up time. Larger values than those 
can be used in applications 
where increased frequency 
stability is desired, 
at some sacrifice in start-up time. 


Standard Crystal Corp. (reference 8) studied the use of 
their crystals with the MCS-51 family using skew sam- 
ples supplied 
by Intel. 
They 
suggest 
putting 
30 pF 
capacitors 
from XTALI 
and XTAL2 to ground, 
if the 
crystal is specified 
as described 
in reference 
8. They 
noted that in that configuration 
and with crystals thus 
specified, the frequency accuracy was ± 0.01 % and the 
frequency stability was ±0.005%, 
and that a frequency 


accuracy of ±0.005% could be obtained by substituting 
a 25 pF fixed cap in parallel with a 5-20 pF trimmer for 
one of the 30 pF caps. 


MCS-51 
skew samples 
have also been supplied 
to a 


number of ceramic 
resonator 
manufacturers 
for char- 
acterization with their products. These companies should 
be contacted for application 
information 
on their prod- 


ucts. In general, however, ceramics tend to want some- 
what larger values for CXt and CX2 than quartz crystals 
do. As shown in Figure 18, they start up a lot faster that 
way. 


In some applications 
the actual frequency 
tolerance re- 


quired is only I% or so, the user being concerned mainly 
that the circuit will oscillate. 
In that case, CXt and CX2 


can be selected rather freely in the range of 20 to 80 pF. 


As you can see, "best" 
values for these components 


and 
their 
tolerances 
are 
strongly 
dependent 
on the 


application 
and its requirements. 
In any case, 
their 


suitability 
should be verified by environmental 
testing 


before the design is submitted to production. 


The NMOS and HMOS MCS-48 oscillator 
is shown in 


Figure 21. It differs from the 8051 in that its inverting 
amplifier is a Schmitt Trigger. This configuration 
was 


chosen to prevent crosstalk from the TO pin, which is 
adjacent to the XTALI pin. 


All Schmitt Trigger circuits exhibit a hysteresis effect, 
as shown in Figure 22. The hysteresis 
is what makes 


it less sensitive to noise. The same hysteresis allows any 
Schmitt Trigger to be used as a relaxation oscillator. All 
you have to do is connect a resistor from output to input, 
and a capacitor 
from input to ground, 
and the circuit 


oscillates in a relaxation mode as follows. 


If the Schmitt 
Trigger 
output 
is at a logic high, the 


capacitor 
commences 
charging 
through 
the feedback 


resistor. When the capacitor 
voltage reaches the upper 


trigger point (UTP), the Schmitt Trigger output switches 
to a logic low and the capacitor commences discharging 


~ 
hysteresIs 


Figure 22 - 
Schmitt Trigger 
Characteristic 


through the same resistor. 
When the capacitor 
voltage 
reaches the lower trigger point (LTP), the Schmitt Trig- 
ger output switches to a logic high again, 
and the se- 


quence repeats. The oscillation frequency is determined 
by the RC time constant 
and the hysteresis 
voltage, 
UTP-LTP. 


The 8048 can oscillate in this mode. It has an internal 
feedback 
resistor. 
All that's 
needed is an external ca- 


pacitor 
from XTALI 
to ground. 
In fact, if a smaller 


external 
feedback 
resistor 
is added, 
an 8048 system 


could be designed 
to run in this mode. Do it at your 


own risk! This mode of operation is not tested, specified, 
documented, 
or encouraged 
in any way by Intel for the 


8048. Future steppings of the device might have a dif- 
ferent type of inverting 
amplifier 
(one more like the 


8051). 
The CHMOS 
members 
of the MCS-48 
family 


do not use a Schmitt Trigger as the inverting amplifier. 


Relaxation oscillations in the 8048 must be avoided, and 
this is the major objective in selecting the off-chip com- 
ponents needed to complete the oscillator circuit. 


When an 8048 is powered up, if VCC has a short rise 
time, the relaxation 
mode starts first. The frequency 
is 


normally about 50kHz. The resonator mode builds more 
slowly, but it eventually 
takes over and dominates 
the 
operation of the circuit. This is shown in Figl!re 23A. 


Due to processing 
variations, 
some units seem to have 
a harder time coming out of the relaxation 
mode, par- 
ticularly 
at low temperatures. 
In some cases the reso- 
nator oscillations may fail entirely, and leave the device 
in the relaxation 
mode. 
Most units will stick in the 
relaxation mode at any temperature 
if CX1 is larger than 
about 50 pF. Therefore, CX1 should be chosen with some 
care, particularly 
if the system must operate at lower 
temperatures. 


One method 
that has proven 
effective 
in all units to 
-40 
C is to put 5 pF from XTALI 
to ground and 20 
pF from XTAL2 to ground. 
Unfortunately, 
while this 


method does discourage 
the relaxation 
mode, it is not 
an optimal choice for the resonator mode. For one thing, 
it does not swamp the pin capacitance. 
Also, it makes 
for a rather high signal level at XTALI 
(8 or 9 volts 


peak -to-peak). 


The question arises as to whether that level of signal at 
XTALI might damage the chip. Not to worry. The neg- 
ative peaks are self-limiting 
and nondestructive. 
The 


positive peaks could conceivably 
damage the oxide, but 
in fact, NMOS chips (eg, 8048) and HMOS chips (eg, 
8048H) are tested to a much higher voltage than that. 
The technology 
trend, of course, 
is to thinner oxides, 


as the devices 
shrink in size. For an extra margin of 


safety, the HMOS II chips (eg, 8048AH) have an internal 
diode clamp at XTALI to VCc. 


In reality, CX1 doesn't have to be quite so small to avoid 
relaxation 
oscillations, 
if the minimum 
operating 
tem- 
perature is not - 40 C. For less severe temperature 
re- 


quirements, 
values of capacitance 
selected in much the 


same way as for an 8051 can be used. The circuit should 
be tested, however, at the system's 
lowest temperature 


limit. 


Additional 
security 
against 
relaxation 
oscillations 
can 
be obtained 
by putting 
a 1M-ohm (or larger) resistor 
from XTALI 
to VCc. 
Pulling up the XTALI 
pin this 
way seems to discourage 
relaxation 
oscillations 
as ef- 
fectively as any other method (Figure 23B). 


Another thing that discourages 
relaxation oscillations 
is 


low VCc. 
The resonator 
mode, on the other hand, is 


much less sensitive 
to VCc. 
Thus if VCC comes up 
relatively 
slowly (several 
milliseconds 
rise time), 
the 


resonator mode is normally up and running before the 
relaxation 
mode starts (in fact, before VCC has even 
reached operating specs). This is shown in Figure 23C. 


A secondary 
effect of the hysteresis 
is a shift in the 
oscillation 
frequency. 
At low frequencies, 
the output 


signal from an inverter without hysteresis leads (or lags) 
the input by 180 degrees. 
The hysteresis 
in a Schmitt 


Trigger, however, causes the output to lead the input by 
less than 180 degrees (or lag by more than 180 degrees), 
by an amount that depends on the signal amplitude, 
as 


shown in Figure 24. At higher frequencies, 
there are 
additional phase shifts due to the various reactances 
in 
the circuit, but the phase shift due to the hysteresis 
is 


still present. Since the total phase shift in the oscillator's 
loop gain is necessarily 
0 or 360 degrees, 
it is apparent 
that as the oscillations 
build up, the frequency 
has to 
change to allow the reactances 
to compensate 
for the 


hysteresis. 
In normal operation, 
this additional 
phase 
shift due to hysteresis 
does not exceed a few degrees, 


and the resulting frequency 
shift is negligible. 


Kyocera, a ceramic resonator manufacturer, 
studied the 


use of some of their resonators 
(at 6.0MHz, 
8.0MHz, 


and I J.OMHz) with the 8049H. Their conclusion 
as to 


the value of capacitance 
to use at XTALI 
and XTAL2 
was that 33 pF is appropriate 
at all three frequencies. 


One should 
probably 
follow 
the manufacturer's 
rec- 


omrnendations 
in this matter, since they will guarantee 


operation. 


Whether one should accept these recommendations 
and 


guarantees 
without further testing is, however, another 
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Figure 
24 - 
Amplitude 
- 
Dependent 
Phase 
Shift 
In Schmitt 
Trigger 


matter. Not all users have found the recommendations 
to be without occasional problems. 
If you run into dif- 
ficulties using their recommendations, 
both Intel and the 


ceramic resonator 
manufacturer 
want to know about it. 


It is to their interest, 
and ours, that such problems 
be 


resolyed. 


An oscillator 
design should never be considered 
ready 


for production 
until it has proven its ability to function 


acceptably 
well under 
worst-case 
environmental 
con- 


ditions and with parameters at their worst-case tolerance 
limits. Unexpected temperature effects in parts .that may 
already be near their tolerance limits can prevent start- 
up of an oscillator 
that works 
perfectly 
well on the 


bench. For example, 
designers 
often overlook temper- 
ature effects in ceramic capacitors. 
(Some ceramics are 
down to 50% of their room-temperature 
values at - 20° 
C and 
+60° 
C.) The problem 
here isn't just one of 
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H 
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;TIMEA 1 TO COUNTER, AUTO RELOAD 
;T1MEA 0 TO TIMER, 
16-8IT 


;ENABLE TIMER INTERRUPTS ONLY 
;TURN ON BOTH TIMERS 
;IDlE 


IE,#BAH 
reON,#SOH 
$ 


+5V 
SO",I 


P1.0 
VCC 
+q 
P1.1 


10",1 


RST 
n 


8751 


f 


XTAL2 


Cl 


XTAL1 
VSS 
6.5~7V 


VCC RISE·TIME 
CONTROL+q 


P1.0 or Pl.1 
TO 


OSCILLOSCOPE 


TRIGGER 


Figure 
25 - 
Oscillator 
Test Circuit 


and Software 


frequency 
stability, but also involves start-up time and 


steady-state 
amplitude. 
There may also be temperature 


effects in the resonator and amplifier. 


It will be helpful to build a test jig that will allow the 
oscillator 
circuit to be tested independently 
of the rest 
of the system. Both start-up and steady-state character- 
istics should be tested. Figure 25 shows the circuit that 
was used to obtain the oscillator 
start-up photographs 
in this Application Note. This circuit or a modified ver- 
sion of it would make a convenient 
test vehicle. 
The 
oscillator and its relevant components can be physically 
separated 
from the control 
circuitry, 
and placed 
in a 
temperature 
chamber. 


Start-up should be observed 
under a variety of condi- 


tions, including low VCC and using slow and fast VCC 
rise times. The oscillator should not be reluctant to start 
up even when VCC is below its spec value for the rest 
of the chip. (The rest of the chip may not function, but 
the oscillator 
should work.) 
It should also be verified 
that start-up occurs when the resonator 
has more than 
its upper tolerance limit of series resistance. 
(Put some 


resistance in series with the resonator for this test.) The 
bulk capacitors 
from XTALI 
and XTAL2 to ground 


should also be varied to their tolerance limits. 


The same circuit, with appropriate 
changes in the soft- 
ware to lengthen the "on" 
time, can be used to test the 


steady-state characteristics 
of the oscillator, specifically 


the frequency, 
frequency 
stability, 
and amplitudes 
at 
XTALI and XTAL2. 


As previously 
noted, the voltage swings at these pins 


are not critical, 
but they should be checked at the sys- 
tem's temperature 
limits to ensure that they are in gooq 
health. 
Observing 
these 
signals 
necessarily 
changes 


them somewhat. Observing the signal at XTAL2 requires 
that the capacitor at that pin be reduced to account for 
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Figure 
26 - 
MOSFET Buffer 
for 
Observing 
Oscillator 
Signals 


the oscilloscope probe capacitance. 
Observing the signal 


at XTALI requires the same consideration, 
plus a block- 


ing capacitor (switch the oscilloscope 
input to AC), so 


as to not disturb the DC level at that pin. Alternatively, 
a MOSFET buffer such as the one shown in Figure 26 
can be used. It should be verified by direct measurement 
that the ground clip on the scope probe 
is ohmically 


connected 
to the scope chassis 
(probes 
are incredibly 


fragile in this respect), 
and the observations 
should be 


made with the ground clip on the VSS pin, or very close 
to it. If the probe shield isn't operational 
and in use, the 


observations 
are worthless. 


Frequency checks should be made with only the oscil- 
lator circuitry 
connected 
to XTALI 
and XTAL2. 
The 


ALE frequency 
can be counted, 
and the oscillator fre- 


quency derived 
from that. In systems 
where the fre- 


quency 
tolerance 
is only 
"nominal," 
the frequency 
should still be checked 
to ascertain 
that the oscillator 


isn't running in a spurious resonance or relaxation mode. 
Switching 
VCC off and on again repeatedly 
will help 


reveal 
a tendency 
to go into 
unwanted 
modes 
of 


oscillation. 


The operation 
of the oscillator 
should then be verified 


under actual system running conditions. 
By this stage 
one will be able to have some confidence that the basic 
selection of components 
for the oscillator 
itself is suit- 
able, so if the oscillator 
appears to malfunction 
in the 
system 
the 
fault 
is not 
in the 
selection 
of 
these 


components. 


The first thing to consider 
in case of difficulty 
is that 


between the test jig and the actual application there may 
be significant differences 
in stray capacitances, 
partic- 


ularly if the actual application is on a multi-layer board. 


Noise glitches, that aren't present in the test jig but are 
in the application board, are another possibility. Capac- 
itive coupling between the oscillator circuitry and other 
signals has already been mentioned 
as a source of mis- 
counts in the internal clocking circuitry. Inductive cou- 
pling is also possible, if there are strong currents nearby. 
These problems are a function of the PCB layout. 


Surrounding 
the oscillator 
components 
with "quiet" 


traces (VCC and ground, 
for example) 
will alleviate 
capacitive 
coupling 
to signals that have fast transition 


times. To minimize inductive coupling, 
the PCB layout 
should minimize the areas of the loops formed by the 
oscillator components. 
These are the loops that should 


be checked: 


XTALI through the resonator to XTAL2; 
XTALI through CXl 
to the VSS pin; 


XTAL2 through CX2 to the VSS pin. 


It is not unusual to find that the grounded ends of CX1 
and CX2 eventuallyconnect up to the VSS pin only after 
loopingaround the farthestends of the board. Not good. 


Finally, it should not be overlooked that software prob- 
lems sometimesimitate the symptomsof a slow-starting 
oscillator or incorrect frequency. Never underestimate 
the perversity of a software problem. 
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APPENDIX I 
QUARTZ AND CERAMIC RESONATOR FORMULAS 


Based on the equivalent circuit of the crystal, the imped- 
ance of the crystal is 


(R1 + jwLI + lIjwC1)(lIjwCo) 


ZxrAL 
= R1 + jwL, 
+ 
lIjwC1 + 
I/jwCo 


After some algebraic manipulation, 
this calculation can 
be written in the form 


I 
I - 
w2L1C, + jwR1C1 
ZxrAL 
= ---. 
--~~--~ 
jw(CI + Co) 
I - 
w2L1CT + jwR,CT 


where Cr is the capacitance 
of C1 in series with Co: 


CICO 
CT = --- 
C1 + Co 


The impedance of the crystal in parallel with an external 
load capacitance 
CL is the same expression, 
but with 
Co+ CL substituted 
for Co: 


1- w2L1C1+ jwR1C1 


l-w2L1Ci+jwR1Ci 


where 
Ci 
is the 
capacitance 
of 
C I in series 
with 
(Co+CL): 


C1(CO+CL) 
Ci = ------ 
C. + Co + CL 


The impedance 
of the crystal 
in series with the load 
capacitance 
is 
I 
ZXTAL+CL = ZxrAL + jwC 
L 
CL + C1+CO 
I - 
w2L,Ci+jwR,Ci 


jwCL (C1 + Co) 
I - 
w2L,CT+ jwR1CT 


where Cr and Ci are as defined above. 


The phase angles of these impedances 
are readily ob- 
tained from the impedance 
expressions 
themselves: 


_ 
wR1C1 
exrAL 
- 
arctan I _ 
w2L1C1 


_ arctan 
wR1S 
I - 
w2L1Cr 


wR.C1 
8XTAL I CL = arctan I _ 
w2L1C1 


wR1c;. 
- arctan 
I - 
w2L1Ci 


The resonant ("series 
resonant") 
frequency 
is the fre- 
quency at which the phase angle is zero and the imped- 
ance is low. The antiresonant 
("parallel 
resonant") 
fre- 
quency is the frequency at which the phase angle is zero 
and the impedance 
is high. 


Each of the above 
8-expressions 
contains 
two arctan 
functions. 
Setting the denominator 
of the argument of 
the first arctan function 
to zero gives (approximately) 
the "series 
resonant" 
frequency 
for that configuration. 
Setting the denominator 
of the argument of the second 
arctan function to zero gives (approximately) 
the "par- 
allel resonant" 
frequency 
for that configuration. 


For example, the resonant frequency of the crystal is the 
frequency at which 


I - 
w2L1C, 
= 0 
I 
w=--- 
• 
VL1C1 


f 
= 
I 
• 
21rVL1C1 


It will be noted that the series resonant frequency of the 
"XTAL + CL" configuration 
(crystal in series with CL) 
is the same as the parallel 
resonant 
frequency 
of the 
"XTAL II CL" 
configuration 
(crystal 
in parallel 
with 
CL). This is the frequency 
at which 


I - 
w2L1Ci 
= 0 
I 
wa = VL1Ci 


f 
= 
I 
a 
21rVL1Ci 


This fact is used by crystal manufacturers 
in the process 
of calibrating 
a crystal to a specified load capacitance. 


By subtracting the resonant frequency of the crystal from 
its antiresonant 
frequency, 
one can calculate 
the range 
of 
frequencies 
over 
which 
the 
crystal 
reactance 
is 
positive: 


fa - 
f. = f. (VI + C1/Co 
- 
I) 


= f (.-S.) 
• 
2Co 


Given typical values for C1 and Co' this range can hardly 
exceed 0.5% of fs. Unless the inverting amplifier in the 
positive 
reactance 
oscillator 
is doing 
something 
very 
strange indeed, the oscillation frequency is bound to be 
accurate to that percentage 
whether the crystal was cal- 
ibrated for series operation 
or to any unspecified 
load 
capacitance. 


ESR is the real part of ZXTALat the oscillation frequency. 
The oscillation 
frequency 
is the parallel 
resonant 
fre- 
quency of the "XTAL II CL" 
configuration 
(which is 
the 
same 
as the 
series 
resonant 
frequency 
of the 
"XTAL+CL" 
configuration). 
Substituting 
this 
fre- 
quency 
into the ZxTAL expression 
yields, 
after some 
algebraic manipulation, 


R1(~)2 


2 2 (CO+CL)2 
+ wC, 
C 
L 
C 
"" R, (I + -.Q)2 
CL 


The power dissipated by the crystal is IfRI• where II is 
the RMS current in the motional arm of the crystal. This 
current is given by V/lzll, where V. is the RMS voltage 
across the crystal, and IZIIis the magnitude of the imped- 
ance of the motional arm. At the oscillation 
frequency, 


the motional arm is a positive (inductive) 
reactance in 
parallel resonance 
with (Co+CJ. 
Therefore 
IZII is ap- 


proximately 
equal to the magnitude of the reactance of 


(CO+CL): 
I 
IZII = 21Tf(Co+CL) 


where f is the oscillation frequency. 
Then, 


P = IfRI = G~I) 
2R1 


= [21Tf(Co+ CL)V.FR1 


The waveform of the voltage across the crystal (XTALI 
to XTAL2) is approximately 
sinusoidal. 
If its peak value 
is VCC, then V. is VCCrV2. 
Therefore. 


APPENDIX II 
OSCILLATOR ANALYSIS PROGRAM 


The program 
is written 
in BASIC. 
BASIC 
is excru- 
ciatingly 
slow, but it has some 
advantages. 
For one 
thing, more people know BASIC than FORTRAN. 
In 
addition, a BASIC program is easy to develop, modify, 
and "fiddle around" 
with. Another important advantage 
is that a BASIC 
program 
can run on practically 
any 
small computer 
system. 


Its slowness 
is a problem, 
however. 
For example, 
the 
routine which calculates 
the "start-up 
time constant" 
discussed in the text may take several hours to complete. 
A person who finds this program useful may prefer to 
convert it to FORTRAN, 
if the facilities are available. 


The program was developed 
with specific reference 
to 
805 I-type oscillator 
circuitry. 
That means the on-chip 
amplifier is a simple inverter, and not a Schmitt Trigger. 
The 8096, the 8OC51, the 8OC48 and 8OC49 all have 
simple inverters. The 8096 oscillator is almost identical 
to the 8051, 
differing 
mainly 
in the input protection 
circuitry. The CHMOS 
amplifiers 
have somewhat 
dif- 
ferent parameters 
(higher gain, for example), 
and dif- 
ferent transition 
levels than the 8051. 


The MCS-48 family is specifically included in the pro- 
gram only to the extent that the input-output 
curve used 
in the steady-state 
analysis is that of a Schmitt Trigger, 
if the user identifies 
the device 
under analysis 
as an 
MCS-48 device. The analysis does not include the volt- 
age dependent 
phase shift of the Schmitt Trigger. 


The clamping 
action of the input protection circuitry is 
important 
in determining 
the steady-state 
amplitudes. 
The steady-state 
routine 
accounts for it by setting the 
negative peak of the XTALI 
signal at a level which 
depends on the amplitude 
of the XTALI 
signal in ac- 
cordance with experimental 
observations. 
It's an exer- 
cise in curve-fitting. 
A user may find a different 
type 
of curve works better. Later steppings of the chips may 
behave differently 
in this respect, having somewhat dif- 
ferent types of input protection circuitry. 


It should be noted that the analysis ignores a number 
of important 
items, 
such as high-frequency 
effects 
in 
the on-chip circuitry. These effects are difficult to pre- 
dict, and are no doubt dependent 
on temperature, 
fre- 
quency, and device sample. However, they can be sim- 
ulated to a reasonable 
degree 
by adding 
an "output 
capacitance" 
of about 20 pF to the circuit model (ie, 
in parallel with CX2), as described below. 


The program asks the user to input values for various 
circuit parameters. 
First the crystal (or ceramic 
reso- 
nator) parameters 
are asked for. These are RI, L1, CI, 
and CO. The manufacturer 
can supply these values for 
selected samples. To obtain any kind of correlation 
be- 
tween calculation 
and experiment, 
the values of these 
parameters must be known for the specific sample in the 
test circuit. The value that should be entered for CO is 
the CO of the crystal itself plus an estimated 
7 pF to 
account for the XTALI-to-XTAL2 
pin capacitance, 
plus 
any other stray capacitance 
paralleling 
the crystal that 
the user may feel is significant enough to be included. 


Then the program asks for the values of the XTAL I-to- 
ground 
and 
XTAL2-to-ground 
capacitances. 
For 
CXTALI, 
enter the value of the externally 
connected 
bulk capacitor 
plus an estimated 
7 pF for pin capaci- 
tance. For CXTAL2, 
enter the value of the externally 
connected bulk capacitor plus an estimated 7 pF for pin 
capacitance plus about 20 pF to simulate high-frequency 
roll-off and phase shifts in the on-chip circuitry. 


Next the program asks for values for the small-signal 
parameters 
of the on-chip amplifier. Typically, 
for the 
805118751, 


Amplifier Gain Magnitude 
Feedback Resistance 
Output Resistance 


15 
2300k-ohms 
2k-ohms 


The same values can be used for MCS-48 (NMOS and 
HMOS) devices, but they are difficult to verify, because 
the Schmitt Trigger does not lend itself to small-signal 
measurements. 


100 DEFDBL C.D.F.G.L.P.R.S.X 
200 REM 
300 
REM *********************************************************************** 
400 REM 
500 REM 
600 REM 
700 REM 
800 REM FNZM(R. Xl = MAGIHTUDE 
OF A COMPLEX 
NUMBER. 
:R+JX: 
900 DEF FNZMIR.Xl 
= SQRIR~2+X~2) 


1000 REI1 
1100 REM FNZPIR. Xl 
1200 REM 
1300 REM 
1400 REM 
1500 DEF FNZP IR".Xl 
1600 REM 
1700 REM 
1800 REM 
1900 REM 
2000 DEF 
2100 DEF 
2200 REM 
2300 REM 
2400 REM 
2500 REM 
2600 REM 
2700 DEF 
2800 DEF 
2900 REM 
3000 REM 
3100 REM 
3200 REM 
3300 REM 
3400 REM 
3500 DEF 
3600 DEF 
3700 REM 
3800 REM 
3900 REM 
4000 REM 
4100 DEF FNRMIRA.XA.RB.XBl 
4200 DEF FNXM(RA.XA.RB.XBl 
4300 REM 
4400 REM 
4500 REM 
4600 REM 
4700 REM 
4800 REM 
4900 REM 
5000 REM 
:1100 REM 
5200 REM 
:1300REM 
:1400REM 
:1:100DEF 
:1600 DEF 
5700 REM 
5800 
REM ********************.************************************************* 
5900 REM 
6000 REM 
6100 REM 
6200 LET PI = 3.14159265411 
6300 REM 
6400 REM 
6:100 GOSVB 
14:100 
6600 REM 
6700 REM 
ESTABLISH 
N0I11NAL RESONANT 
AND AIHIRESONANT 
CRYSTAL 
FREClUENCIES 
6800 FS = FIXII/12*PI*SQRILI*Cllll 
6900 
FA 
= FIX(1/(2*Pl*SQR{Ll*Cl*CO/(Cl~CO»» 


7000 PRINT 
7100 PRINT 
"XTAL IS SERIES 
RESONANT 
AT ",FS," HZ" 


7200 PRINT 
PARALLEL 
RESONANT 
AT ",FA," HZ" 


7300 PRINT 
7400 PRINT 
"SELECT· 
I 


7500 PR INT 
2. 


7600 PR INT 
3. 


7700 PRINT 
4 


'800 PRINT 
5 


ANGLE 
OF A COMPLEX 
NUMBER 
180/PI*ARCTANIX/Rl 
IF R)O 
180/PI*ARCTANIX/Rl 
+ 180 
IF R<O AND 
X)O 
180/PI*ARCTANIX/R) 
- 180 
IF R<O AND 
X<O 


180/PI*ATNIX/Rl 
- ISGNIRl-ll*SGNIX)*90 


INDUCTIVE 
IMPEDANCE 
AT COMPLEX 
FREQUENCY 
Z 
= 2*PI*5*L 
+ 
J2*Pl*F*L 
FNRLIS.Ll 
+ JFNXLIF.Ll 


FNRLISL.LLl 
= 211*PI*SL*LL 
FNXLIFL.LLl 
= 211*PI*FL*LL 


CAPACITIVE 
IMPEDANCE 
AT COMPLEX 
FREQUENCY 
S+JF 
1HZ) 
Z = 
1/C2*PI*<S+JF>.CJ 
= 
S/(2*PI*<SA2+FA2>.CJ 
+ 
J(-F)/C2*PI*(SA2+FA2)C] 
= FNRCIS.F.Cl 
+ JFNXCIS.F.Cl 


FNRC(SC,FC,CC> 
= 
SC/(2 
••*PI*(SC 
....·2+FC· 


A·2)*CC> 


FNXC<SC,FC,CC) 
= 
-FC/(2**PI*(SCA2+FCA2>*CC) 


RBA2+XBA2 
RBA2+XBA2 
FNRRIRA.XA.RB. XB) + JFNXRIRA.XA.RB.XB) 
FNRRIRA.XA.RB. XBl = 
IRA*RB+XA*XBl/IRB~2+XB~2l 


FNXR<RA. 
XA,RB. 
XS) 
= 
(XA*RB-XB*RAl/(RBA2+XBA2) 


NUMBERS 
RA*RB-XA*XB 
+ 
J(XA*RB+RA*XB) 


FNRM(RA,XA,RB,XB) 
+ 
JFNXM(RA,XA,RB,XB) 
- 
XA*XB 
+ 
RB*XA 


FNRP(RA,XA.RB,XB) 
+ 
JFNXP(RA. 
XA.RB, 
XB) 


FNRP(RA, 
XA.RB. 
XO) 
= 
(RA*(RB~2+XB~2) 
+ RB*(RA~2+XAA2»/«RA+RB)A2 
+ 
(XA+XB)A2) 


FNXPIRA.XA,RB.XBl 
= 
IXA*(RB-2+XB-2l 
+ XB*(RA~2+XA-2ll/IIRA+RB1~2 
+ IXA+XB)~2) 


LIST PARAMETERS" 
CIRCUIT 
ANALYSIS" 
OSC ILLATION FREQUENCY" 
START-UP 
TIME CONSTANT" 


STEADY-STATE 
ANALYSIS" 


7900 PRINT 
8000 
INPUT N 
8100 
IF N=1 THEN PRINT 
ELSE 8600 
8200 REM 
8300 REM 
-------------------- 
LIST PARAMETERS 
---------------------------- 
8400 
GOSUB 
17100 
8500 GOTO 
6800 
8600 
IF N=2 THEN PRINT 
ELSE 9400 


8700 
REt1 
8800 
REM 
--------------------- 
CIRCUIT 
ANALYSIS 
--------------------------- 
8900 PR INT " FREQUENCY 
S+JF 
TYPE 
<S). <F). " 
9000 
INPUT SQ,FQ 
9100 
GOSUB 
20200 
9200 
GOSUB 
26600 
9300 GOTO 
6800 
9400 
IF N=3 THEN 
10300 ELSE 
11000 
9500 
REM 
9600 REM ------------------ 
OSCILLATION 
FREQUENCY 
------------------------ 


9700 
CL 
= 
CX*CY/(CX+CY) 
+ 
CO 
9800 
FQ = FIX<I/<2*PI*SQR<Ll*Cl*CL/<Cl+CL»» 


9900 
SQ = 0 
10000 OF = FIX<lOAINT<LOG<FA-FS)/LOG<10)-2)+. 
5) 
10100 OS = 0 
10200 RETURN 
10300 GOSUB 
9700 
10400 GOSUB 
30300 
10500 PRINT 
10600 PRINT 
10700 PRINT 
"FREQUENCY 
AT WHICH 
LOOP GAIN HAS ZERO PHASE 
ANGLE: " 
10800 GOSUB 
26600 
10900 GOTO 
6800 
11000 
IF N=4 THEN PRINT ELSE 
12200 
11100 REM 
11200 REM ---------------- 
START-UP 
TIME CONSTANT 
------------------------- 
11300 PRINT 
"THIS WILL 
TAKE SOME TIME 
11400 GOSUB 
9700 
11500 GOSUB 
37700 
11600 PRINT 
11700 PRINT 
11800 PRINT 
"FREQUENCY 
AT WHICH LOOP GAIN = 1 AT 0 DEGREES: " 
11900 GOSUB 
26600 
12000 
PRINT 
PRINT 
"THIS 
YIELDS 
A 
START-UP 
TIME 
CONSTANT 
OF 
"iCSNG(lOOOOOO!/(2*PI*50»;" 
MICROSECS" 
12100 GOTO 6800 
/ 
12200 
IF N=5 THEN PRINT 
ELSE 7300 
12300 
REM 
12400 
REM ---------------- 
STEADY-STATE 
ANALYSIS 
--------------------------- 
12500 
PRINT 
"STEADY-STATE 
ANALYSIS" 


12600 PRINT 
12700 PRINT 
"SELECT: 


12800 
PRINT 
12900 
PRINT 
" 
13000 
PRINT 
" 
13100 
INPUT 
ICr. 


13200 
IF ICr.<1OR 
ICr.>4 THEN 
12600 
13300 GOSUB 
46900 
13400 GOTO 7300 
13500 REM 
SUBROUTINE 
3ELOW 
DEFINES 
INPUT-OUTPUT 
CURVE OF OSCILLATOR 
CKT 
13600 
IF ICr.>2AND VO=5 AND VI<2 THEN RETURN 
13700 VO = -IO*VI 
+ 
15 
13800 
IF VO>5 THEN VO = 5 
13900 
IF VO<.2 THEN VO = .2 
14000 
IF ICr.>2AND VO>2 THEN VO = 5 
14100 RETURN 
14200 REM 
14300 
REM ************************************************************** 
14400 REM 
14500 REM 
14600 REM 
14700 
INPUT 
Rl" <OHMS)",RI 
14800 
INPUT 
LI 
<HENRY)",Ll 
14900 
INPUT 
Cl 
<PF)",X 


15000 CI = X*IE-12 
15100 
INPUT" 
CO 
<PF)";X 
15200 CO = X*IE-12 
15300 
INPUT" 
CXTALl 
<PF)",X 


15400 CX = X*IE-12 
15500 
INPUT" 
CXTAL2 
<PF)",X 


15600 CY = X*IE-12 


1. 803118051" 
2. 8751" 
3. 
8035/8039/8040/8048/8049" 
4. 
8748/8749" 


15700 
15800 
15900 
16000 
16100 
16200 
16300 
16400 
16500 
16600 
16700 
16800 
16900 
17000 
17100 
17200 
17300 
17400 
17500 
17600 
17700 
17800 
17900 
18000 
18100 
18200 
18300 
18400 
18500 
18600 
18700 
18800 
18900 
19000 
19100 
19200 
19300 
19400 
19500 
19600 
19700 
19800 
19900 
20000 
20100 
20200 
20300 
20400 
20500 
20600 
20700 
20800 
20900 
21000 
21100 
21200 
21300 
21400 
21500 
21600 
21700 
21800 
21900 
22000 
22100 
22200 
22300 
22400 
22500 
22600 
22700 
22800 
22900 
23000 
23100 
23200 
23300 
23400 


INPUT 
" GA IN 
F AC TOR 
MAGN ITUDE" 
;AVII 


INPUT" 
AMP 
FEEDBACK 
RESiSTANCE 
(K-OHMs)",X 


RX 
= 
X*IODO" 
INPUT" 
AMP 
OUTPUT 
RESISTANCE 
(K-OHl1s)"; 
X 


RO 
= 
X*10001l 
REM 
REM 
REM 
GOsUB 
17100 


RETURN 
REt1 
REt1 
REM 
**********************~*********~*******************~********* 
REt1 
REt1 
REM 
PRINT 
PRINT 
"CURRENT 
PARAMETER 
VALUES· 


PRINT" 
PRINT 
PRINT 
PRINT" 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
"TO 
CHANGE 
A 
PARAMETER 
VALUE, 
TYPE 
(PARAM 
NO 
), (NEW 
VALUE). 
" 
PRINT 
"OTHERWISE, 
TYPE 
0,0 
" 


INPUT 
N'l.,X 


IF 
N'l.=O THEN 
IF 
N'l.=1 THEN 
IF 
N'l.=2 THEN 
IF 
N'l.=3 THEN 
IF 
N'l.=4 THEN 
IF 
N'l.=5 THEN 
IF 
N'l.=6 THEN 
IF 
N'l.=7 THEN 
IF 
N'l.=8 THEN 
IF 
N'l.=9 THEN 
GOTO 
17400 
REM 
REM 
REM 
************************************************************** 
REM 
REM 
REM 
REM 
REM 
REM 
1. 
Crystal 
lmpedance. 
RE 
+ 
JXE 
REM 
XI 
= 
RE = 
XE 
= 
REM 
REM 
2. 
RF 
+ 
JXF 
REM 
RF 
= 
FNRP(RX.O.RE. 
XE) 
XF 
= 
FNXP(RX.O.RE, 
XE) 


REM 
REM 
3. 
Input 
impedance. 
Zi 


REM 
RI 
= 
FNRC(sQ, 
FQ, C:() 
XI 
= 
FNXC(sQ.FQ,CX) 


REM 
REM 
4. 
Lo~d 
impedance: 


REM 
RL 
= 
FNRP 
«RF+R 
I), (XF+XI), 
FNRC 
(sQ, FG, CY), FNXC 
(sG, FQ, CY» 


XL 
= 
FNXP«RF+RI;, 
(XF+XI),FNRC(SG,FQ,CY).FNXC<SQ.FG,CY» 


REM 
REM 
5. 
Amplifier 
galn. 
A = 
-AV*lL/(IL+RO) 


REM 
". A'real) 
+ 
JA(imaginary) 


REM 
AR* 
= 
-AV**FNRR<RL. 
XL, 
<RO+RL), 
XL) 


AI. 
= 
-AV.*FNXR<RL, 
XL, (RO+RL), 
XL) 


REM 
REM 
6. 
Feedback 
ratio 
(beta) 


REM 


1. 
R1 
"; R1;" 
OHMS" 
2 
LI 
"; CsNG(L1);" 
HENRY" 
3 
C1 
";CSNG(Cl*lE+12); 
II 
PF" 


4. 
CO 
"; CSNG(CO*IE+12);" 
PF" 
5 
CXTALI 
= 
"; CSNG(CX*IE+12);" 
PF" 


6 
CXTAL2 
= 
"iCSNGCCY*lE+12); 
II 
PF" 
7. 
AMPLIFIER 
GAIN 
MAGNITUDE 
"; AVII 
8. 
FEEDBACK 
RESISTANCE 
= 
"; CsNG(RX* 
001);" 
K-OHMs" 
9. 
OUTPUT 
RESISTANCE 
= 
"; CsNG(RO*. 
001);" 
K-OHMs" 


RETURN 
R1 
X 


LI 
X 


C1 
X*IE-12 
CO 
X*lE-12 
ex 
X*lE-12 
CV 
X*lE-12 


AVII = 
X 


RX 
X*IOOO! 


RO 
= 
X*IOOO' 


FNXL(FG,LI) 
+ 
FNXC(SQ.FG,Clj 


FNRP«Rl+FNRL(SO.Ll)+FNRC(SQ,FQ,Cl»), 
Xl,FNRC(SQ,FQ,CO).FNXC(SQ,FG.CO» 
FNXP«R1+FNRL(SQ,LI)+FNRC(sQ,FQ,CI»), 
X1,FNRC(sQ.FQ.CO).FNXC(SQ,FQ.CO» 


23500 
23600 
23700 
23800 
23900 
24000 
24100 
24200 
24300 
24400 
24500 
24600 
24700 
24800 
24900 
25000 
25100 
25200 
25300 
25400 
25500 
25600 
25700 
25800 
25900 
26000 
26100 
26200 
26300 
26400 
26500 
26600 
26700 
26800 
26900 
27000 
27100 
27200 
27300 
27400 
27500 
27600 
27700 
27800 
27900 
28000 
28100 
28200 
28300 
28400 
28500 
28600 
28700 
28800 
28900 
29000 
29100 
29200 
29300 
29400 
29500 
29600 
29700 
29800 
29900 
30000 
30100 
30200 
30300 
30400 
30500 
30600 
30700 
30800 
30900 
31000 
31100 
31200 


REM 
BRlI = FNRR(RI, XI. (RI+RF), (XI+XF» 
BIll = FNXR<RI. XI. (RI+RF), (XI+XF» 
REM 
REM 
7. 


REM 
A = FNZM(ARlI,AIlI) 
AP = FNZP(ARlI,AIlI) 
REM 
REM 
8 
(beta) 
in 
magnitude/phase 
form: 
BR+JBI 
REM 
B = FNZM<BRlI,BIlI) 
3P = FNZP(BRlI,BIll) 
REM 
REM 
9. 
Loop 
gaIn 
G = 
<BR+JBI)*CAR+JAI) 
=~~ 
= 
G(real~ 
+ 
JG{imaginary) 


GR = FNRM(ARlI,AIlI,BRlI,BIlI) 
GI = FNXM(ARlI,AIlI,BRlI,BIlI) 
REM 
REM 
10. 
Loop 
galn 
in 
magnitude/phase 
form: 
GR+JGI 
REM 
AL = FNZM(GR, GIl 
AQ = FNZP(GR, GI) 
RETURN 
REM 
REt"i 
REM .************************************************************* 
REM 
REM 
REM 
PRINT 
PRINT" 
FREQUENCY 
= ",SQ," + .j"iFQi" HZ" 
PRINT" 
XTAL IMPEDANCE 
= ",FNZM<RE, XE)," OHMS AT "iFNZP<RE,XE)i" 
DEGREES" 
PRINT 
(RE = ",CSNG<RE)," 
OHMS)" 
PRINT 
(XE = ",CSNG<XE)," 
OHMS)" 
PRINT 
LOAD 
IMPEDANCE 
= ",FNZM<RL,XL)," 
OHMS AT "iFNZP(RL,XL)," 
DEGREES" 
PRINT 
AMPLIFIER 
GAIN = ",A," AT 
",AP," DEGREES" 
PRINT 
FEEDBACK 
RATIO 
= ",B," AT ",BPi" DEGREES" 
PRINT 
LOOP GAIN = ",ALi" AT ",AQ," DEGREES" 
RETURN 
REM 
REM 
REM ************************************************************** 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
GOSUB 
20200 
GOSUB 
26600 
IF GI=O 
THEN RETURN 
SXY. = 
INTCSGNCGI>; 
IF SX'l.=+1THEN OS 
-OS 
REM 
(REVERSAL 
OF OS FOR GI)O 
IS FOR THE POLE-SEARCH 
ROUTINE. ) 
REM 
REM 
2 
INCREMENT 
THE FREQUENCY. 


REM 


SP 
= 
SQ 


This 
routine 
searches 
for 
the 
fre~uency 
at 
which 
the 
imaginary 
part 
of 
the 
loop 
gain 
is 
zero. 
The 
algorithm 
is 
as 
follows: 


1. 
Calculate 
the 
sign 
of 
the 
imaginary 
part 
of 
the 
loop 
gain 
(01) 
2. 
Increment 
the 
fre,uency. 


3. 
Calculate 
the 
51gn 
of 
GI 
at 
the 
incremented 
frequency. 


4. 
If 
the 
sign 
of 
Gt 
has 
not 
ch~nged. 
go 
back 
to 
2. 


S. 
If 
the 
sign 
of 
GI 
has 
c~anged. 
and 
this 
frequency 
is 
within 
1Hz 
of 
the 
previous 
sign-change, 
exit 
the 
routine. 


6. 
Otherwise, 
divide 
the 
frequency 
increment 
bq 
-10. 


7. 
Go 
bac~ 
to 
2. 


The 
routine 
is 
entered 
with 
the 
starting 
frequency 
SG+JFG 
and 
starting 
increment 
DS+JDF 
alreadq 
defined 
by 
the 
calling 
program. 


In 
actual 
use 
either 
OS 
or 
OF 
is 
zero, 
so 
the 
routine 
searches 
for 
a 
GI=O 
pOInt 
by 
lncrementing 
eIther 
sa 
or 
FG 
while 
holding 
the 
other 
constant. 
It 
returns 
control 
to 
t~e 
calling 
program 
with 
the 
incremented 
part 
of 
the 
frequency 
being 
within 
1Hz 
of 
the 
actual 
01=0 
point. 


31300 
31400 
31500 
31600 
31700 
31800 
31900 
32000 
32100 
32200 
32300 
32400 
32500 
32600 
32700 
32800 
32900 
33000 
33100 
33200 
33300 
33400 
33500 
33600 
33700 
33800 
33900 
34000 
34100 
34200 
34300 
34400 
34500 
34600 
34700 
34800 
34900 
35000 
35100 
35200 
35300 
35400 
35500 
35600 
35700 
35800 
35900 
36000 
36100 
36200 
36300 
36400 
36500 
36600 
36700 
36800 
36900 
37000 
37100 
37200 
37300 
37400 
37500 
37600 
37700 
37800 
37900 
38000 
38100 
38200 
38300 
38400 
38500 
38600 
38700 
38800 
38900 
39000 


FP = 
SG = 
FG = 
REt1 
REM 
REM 
GOSUB 
20200 
GOSUB 26600 
IF INT(SGN(GI»=O 
THEN RETURN 
REM 
REM 
4. 


REM 
IF SX'l,+INT(SGN(GI»=O THEN PRINT ELSE 31400 
SX% = -SX'l, 
REM 
REM 
5 


REM 
REM 
REM 
REI1 
IF ABS(SP-SG)<I 
AND ABS(FP-FG)<I 
AND SX'l,=-1THEN RETURN 
REM 
REM 
REM 
OS = -05/1041 
OF = -OF/I041 
REM 
REM 
7. GO BACK TO 2 
REM 
GOTO 31200 
REM 
REM 
REM *****.******************************************************** 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
GOSUB 9700 
GOSUB 30300 
REM 
REM 
REM 
SYX = 
INT(SGN(AL-l~» 


IF SY'l,=-1THEN STOP 
REM 
ESTABLISH 
INITIAL 
INCREMEt-.lTATION 
VALUE 
FOR 
FQ. 


FI = FG 
OF = (FA-Fll/I041 
GOSUB 30300 
DE 
(FQ-F1 l/I041 


OF 
0 


FQ = Fl 


FG 
SO + OS 
FG + OF 


IF THE SIGN OF GI HAS CHANGED, 
AND 
IF THIS FREQUENCY 
IS WITHIN 
1HZ OF ~YE PREVIOV5 
SIGN-CHANGE. 
AND 
IF G! 
IS NEG~T!VEI 
THEN 
EXIT THE ROUTINE 
(THE ADDITIONAL 
REQUIREMENT 
FOR NEGATIVE 
GI 


IS FOR THE POLE-SEARCH 
ROUTINE. ) 


This 
routine 
searches 
for 
the 
fre~uency 
at 
which 
the 
loop 
g.1n 
= 
1 
at 
0 degrees. 
That 
frequency 
is 
the 
pole 
frequency 
of 
the 
closed- 
loop 
gain 
function. 
The 
pole 
frequency 
is 
a 
compleK 
number. 
SG+JFG 
(Hz). 
Oscillator 
start-up 
ensues 
if 
50::>0. The 
algorithm 
is 
based 
on 
the 
calculated 
behavlor 
of 
the 
phase 
angle 
of 
the 
loop 
gain 
in 
the 
region 
of 
interest 
on 
the 
complex 
plane. 
The 
locus 
of 
points 
of 
zero 
phase 
angle 
crosses 
the 
J-axis 
at 
the 
oscillation 
fre~uency 
and 
at 
some 
higher 
fre~uency. 
In 
between 
these 
two 
crossings 
of 
the 
J-axis. 


the 
locus 
lies 
in 
Quadrant 
I 
of 
the 
complex 
plane. 
forming 
an 
approximate 
parabola 
which 
opens 
to 
the 
left. 
The 
basic 
plan 
is 
to 
follow 
the 
locus 
from 
where 
it 
crosses 
the 
J-axis 
at 
the 
oscillation 
frequency. 
into 
Quadrant 
I. 
and 
find 
the 
point 
on 
that 
locus 
where 
the 
loop 
gain 
has 
a 
magnItude 
of 
1. 
The 
algorithm 
is 
as 
follows: 


1. 
Find 
th •••oscillation 
frequencll' 
O+JFQ. 


2. 
At 
thls 
frequency 
calculate 
the 
sign 
of 
(AL-lL 
(AL 
= 
m.gnitude 
of 
loop 
gain. 
) 


3. 
Increment 
FQ. 


4. 
For 
this 
value 
of 
FO. 
find 
the 
value 
of 
SO 
for 
which 
the 
loop 
gain 
has 
zero 
phase 
S. 
For 
thls 
value 
of 
SG+JFG. 
calculate 
the 
sign 
of 
(AL-l). 


6. 
If 
the 
sign 
of 
(AL-l> 
~as 
not 
changed. 
go 
back 
to 
3. 


7. 
If 
the 
sign 
of 
(AL-l) 
has 
changed. 
and 
this 
value 
of 
FQ 
is 
within 
1Hz 
of 
the 
previous 
sign-change. 
exit 
the 
routine. 


8. 
OtherWIse. 
divide 
the 
FO-increment 
by 
-10 
9. 
Go 
back 
to 
3. 


39100 
39200 
39300 
39400 
39:l00 
39600 
39700 
39800 
39900 
40000 
40100 
40200 
40300 
40400 
40500 
40600 
40700 
40800 
40900 
41000 
41100 
41200 
41300 
41400 
41500 
41600 
41700 
41800 
41900 
42000 
42100 
42200 
42300 
42400 
42500 
42600 
42700 
42800 
42900 
43000 
43100 
43200 
43300 
43400 
43500 
43600 
43700 
43800 
43900 
44000 
44100 
44200 
44300 
44400 
44500 
44600 
44700 
44800 
44900 
45000 
45100 
45200 
45300 
45400 
45500 
45600 
45700 
45800 
45900 
46000 
46100 
46200 
46300 
46400 
46500 
46600 
46700 
46800 


REM 
REM 
3. 
1NCREMENT 
Fll. 


REM 
Fll= Fll+ DE 
REM 
REM 
REM 
REM 
REM 
REM 
OS = 
1000" 
Sll - 0 
GOSUB 
30300 
IF AL=I' THEN RETURN 
REM 
REM 
REM 
REM 
IF SYX+INT(SGN(AL-l!»=O 
THEN PRINT 
ELSE 39400 
REM 
REM 
7. 


REM 
REM 
IF ABS(FI-Fll)<1 THEN RETURN 
REM 
REM 
REM 
DE = -DE/I01l 
Fl = Fll 
SYX 
:a -SVX 
REM 
REM 
9. GO BACK 
TO 3. 


REM 
GOTO 39400 
REM 
REM 
REM 
*************************************************************** 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
7. 


REM 
REM 
8 
REM 
REM 
REM 
9. 


REM 
REr1 
REM 


4. FOR THIS VALUE OF Fll. FIND THE VALUE 
OF SO FOR WHICH 
THE LOOP 
GAIN HAS 
ZERO PHASE. 
(THE ROUTINE 
WHICH 
DOES THAT NEEDS 
OF = O. 
50 THAT 
IT CAN HOLD FllCONSTANT, 
AND NEEDS 
AN INITIAL VALUE 
FOR 
OS, WHICH 
IS ARBITRARILY 
SET TO 05 = 1000. ) 


The 
circuit 
model 
used 
in 
this 
analysis 
is 
similar 
to 
the 
one 
used 
in 
the 
small-signal 
analysi$, 
but 
differs 
from 
it 
in 
two 
respect5. 


First. 
it 
includes 
clamping 
and 
clipping 
effects 
described 
in 
the 
ttut. 
Second. 
the 
voltage 
source 
in 
the 
Thevlmin 
equivalent 
of 
the 
amplifier 
is 
controlled 
by 
t~e 
input 
voltage 
in 
accordance 
with 
an 
input-output 
curve 
defined 
elsewhere 
in 
the 
program. 


The 
analysis 
applies 
a 
sinusoidal 
input 
signal 
of 
arbitrary 
amplitude. 
at 
the 
oscillation 
freq,uenelJ. 
to 
the 
XTALl 
pin. 
then 
c.lculates 
the 
resulting 
waveform 
from 
the 
voltage 
source. 
Using 
~tandaTd 
Fourier 
techni~ues, 
the 
fundamental 
fre~uency 
component 
of 
this 
waveform 
is 
extracted. 
Thi§ 
fre~uency 
component 
is 
then 
multiplied 
by 
the 
factor 
:ZL/(ZL+RO):, 
and 
the 
result 
is 
taken 
to 
b. 
the 
signal 
appearing 
at 
the 
XTAL2 
pin. 
This 
signal 
is 
then 
multiplied 
b" 
the 
feedback 
ratio 
(beta), 
and 
the 
result 
is 
taken 
to 
be 
the 
signal 
appearing 
at 
the 
XTALl 
pin. 
The 
algorithm 
is 
now 
repeated 
using 
this 
computed 
XTAL1 
signal 
as 
the 
assumed 
input 
sinusoid. 
Every 
time 
the 
algorithm 
is 
repeated, 
new 
values 
appeaT 
at 


XTALI 
and 
XTAL~, 
but 
the 
values 
c~ange 
less 
and 
less 
with 
each 


repetition. 
Eventuall" 
they 
stop 
changing. 
This 
is 
the 
steady-stat 
•. 


The 
algorithm 
is 
as 
follows: 


1. 
Compute 
approximate 
oscillation 
frequency. 


2. 
Call 
a 
circuit 
analysis 
at 
this 
fre~u.ncy. 


3. 
Find 
the 
~uiescent 
levels 
at 
XTALI 
and 
XTAL2 
(to 
establish 
the 
beginning 
DC 
level 
at 
XTALl). 


4. 
Assume 
an 
initial 
amplitude 
for 
the 
XTAL1 
signal. 


5. 
Correct 
the 
DC 
level 
at 
XTALI 
for 
clamping 
effects, 
if 
necessary. 


6. 
Using 
the 
appropriate 
input-output 
curve. 
extract 
a 
DC 
level 
and 
the 
fundamental 
fre~uency 
component 
(multiplying 
the 
latteT 
by 
:ZL/IZL+RO): ). 
Clip 
off 
the 
negative 
portion 
of 
this 
output 
signal, 
if 
the 
neqat1ve 
peak 
falls 
below 
ze~o. 


If 
this 
51gna1, 
multiplied 
by 
(beta). 
differs 
from 
the 
input 
amplitude 
by 
less 
than 
l~V. 
or 
if 
the 
algorithm 
has 
been 
repeated 


10 
times, 
exit 
the 
routine 


Otherwise· 
multiply 
the 
XTAL2 
amplitude 
by 
(beta) 
and 
feed 
it 
back 
to 
XTALl. 
and 
go 
back 
to 
5 


46900 
47000 
47100 
47200 
47300 
47400 
47500 
47600 
47700 
47800 
47900 
48000 
48100 
48200 
48300 
48400 
48500 
48600 
48700 
48800 
48900 
49000 
49100 
49200 
49300 
49400 
49500 
49600 
49700 
49800 
49900 
50000 
50100 
50200 
50300 
50400 
50500 
50600 
50700 
50800 
50900 
51000 
51100 
51200 
51300 
51400 
51500 
51600 
51700 
51800 
51900 
52000 
52100 
52200 
52300 
52400 
52500 
52600 
52700 
52800 
52900 
53000 
53100 


GOSUB 
9700 
REM 
REM 
GOSUB 
PRINT 
GOSUB 
PRINT 
REM 
REM 
3. 
FIND 
QUIESCENT 
POINT 
REM 
(At 
~uiescence 
the 
voltages 
at 
XTALl 
and 
XTAL2 
are 
equal. 
This 
REM 
voltage 
level 
is 
found 
by 
trial-and-erroT, 
based 
on 
the 
input- 
REM 
output 
curve, 
so 
that 
a 
person 
can 
change 
the 
input-output 
curve 
REM 
as 
desired 
without 
havlng 
to 
re-calculate 
the 
quiescent 
point. 
) 
1,11 
0 
I,IB= 
I 
KI 
= 
I 
1,11= 
1,11+ 
I,IB 
GOSUB 
13600 
IF 
ABS(I,IO-I,II)<.OOI 
THEN 
49200 
IF 
KI+SGN(I,IO-I,II)=O 
THEN 
48900 
ELSE 
48500 
KI 
= 
SGN(I,IO-I,II) 
I,IB= 
-I,IBI10 
GOTO 
48500 
I,IB= 
1,11 
PRINT 
"QUIESCENT 
POINT 
= 
",I,IB 
REM 
REM 
EI 
= 
NRX 
REM 
REM 
5. 
CORRECT 
FOR 
CLAMPING 
EFFECTS, 
IF 
NECESSARY. 


REM 
(Kl 
and 
K2 
are 
curve-fitting 
parameters 
for 
the 
ROM 
parts. 
KI 
(2. 5-I,IB)1(3-I,IB) 
K2 
= 
(I,IB-I.25)/<3-I,IB) 


IF 
ICX-2 
OR 
IC7.=4 
THEN 
IF 
EI«VB+. 
5) 
THEN 
EO 
IF 
IC7.=1 
OR 
ICX=3 
THEN 
IF 
EI«VB+. 
5) 
THEN 
EO 
NRX 
= 
NRX 
+ 
I 
REM 
REM 
1,10• 
0 
I,IC= 0 
I,IS= 
0 
FOR 
N'l.= 
-25 
TO 
+24 
VI 
= 
EO 
- 
EI*COS(PI*N7./25) 


GOSUB 
13600 
va 
= va 
+ va 
I,IC= 
VC 
+ 
VO*COS(PI*N7./25) 


VS 
= 
VS 
+ VO*SIN(PI*NX/25) 
NEXT 
N7. 


1,10= 
1,10/50 
VI 
= SOR(VC~2+VS~2)/2~*FNZM(RL,XL)/FNZM«RL+RO),XL) 


REM 
REM 
7. 
CLIP 
XTAL2 
SIGNAL. 


IF 
1,10-1,11<0THEN 
VL 
= 
0 
ELSE 
VL 
= 
1,10-1,11 
PRINT 
PRINT 
"XTALl 
SWING 
= 
"; EO-EI, 
" 
TO 
"; EO+EI 
PRINT 
"XTAL2 
SWING 
= 
", I,IL," TO 
",1,10+1,11 
REM 
REM 
8. 
TEST 
FOR 
TERMINATION. 


IF_ 1\Il~1~t-'iI*ll)<.QOI 
OR 
NRX=IO 
THEN 
RETURN 


REM 
REM 
EI 
= 
GOTO 


2. 
CALL 
20800 
PRINT 
26600 
PRINT 


4. 
ASSUME 
AN 
INITIAL 
AMPLITUDE 
FOR 
THE 
XTALI 
SIGNAL. 


.01 
= 0 


9. 
FEED 
BACK 
TO 
XTALI 
AND 
REPEAT. 


Vl*B 
50300 


